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1 
mmlmtBt mt^^^ttttm U %%• fhiii—iwwi ia vMoh 
eiAttiag slBKUTt teatoly Md vat i f i ly M«pg«« til4 «Mi«Pedd 
p t f t l « lM t lMg with f > i f i l i » l « i mA aytllitliaa pp«*MM 
iiwrtMd out fMB U M to tlao Wivooa 1917 mH lffttJMioi^#f 
<1«37)f B«co<19t»1) t lo«Ooiit«p (1950^ Tho aalMro of tiM 
OHittod proteota along vitli tiia&r iilaaioa yitlioo voro 
aactoBaiiroIar atudlod t i l l I W jpoafctotaly (tf«0)t fMLotfUndtap 
0963)] . 
ftiaoo tlMM thoro ippaara to ba a daarth of wortli 
MMUantng work im tbia tUOA. Ls(«3gr tbo anltSpllaitsr of 
oharsod pioptiolaa haa attroHod attaatlon of a largo inBim 
of wofiiara of thla fiold dno to thm inftoMMKtloa vliiiAi i t ooa 
pr^rridA il!»oiit propoaod aod^la of diamtogntioM •aghtartan Iqr 
at»dl»g hodfoiHiiMOM. ooUiaioi . {tmOmOmU f^m mA 
•«ry a979)« y iM*«M at fA (1971, 1973)# OattfMod (1973t 197^}t 
Bam ghaflkov at A . 0978} mA Aantaaa ot A . 0979) ] • 
m tlio fvoaaafc votk «o liavo tviod to ^foriiy tiM aBi«ti«g 
vliioh iavalTo waloor dtgitogrtntaw abaaaiod ii i xifBvd o 9 
mmOMm pliAag a^pnaU to 8% Ogff/i M M M I M paolwi ¥o«o* 
Aftar »t<ii>3y ovdMtt ig tito •oMttfita ivia&vod ia tbo 
av^aratioa f i w l a « • lidfo thaaggligally galMiilMd tiM 
Mi*ar of portioloa aaittod iMrtvooa r^goo aavo to iiOOO adaraas 
with thft help of an IBM-1130 oompatttr. A graph obtained 
froa tb«8« o«aouiation« vas 9vtp9itSMpo9%d OT«r tho histograH 
vhich was )bt.^iiod «Kp«ri««ntall7. Tha dlserapal^ex b«tir«9B 
t \ 
tha two ha« lad to a ehanga in tha acoaptad air«rai|« TalUM of 
tba tvo paraBotam involvod In tha avaporatlon fonmla. Tho 
nuelaar toBpaoratura T vas foosid to bast f t* at 3*8 Wtff iasto«d 
of h MoY. Tha eoaloirib bainfiar m or aor« oorrootly tho 
roactloa barrier 7 was found to ba in ba«t agrooMBt vi th 
•alAoa BM follows i 
Proton 2 119V instaad of ^>- MoV 
Botttoron 2,5 MeV iaatoad of 5 IfeV 
irriton 2,5 ifiiT Instaad of $ H»Y 
c^-partiolaa 5*5 MoV inataad of 11 MaV 
This ohange ofsctands tha region of agreaatant an the lower 
eBarg7 side between axperiaental aoid theorit ioal raeults «pto 
1^0 ndcroas* 
In ease of disintegration eirents ebaerved in amlsioa 
plates tha tracks ha:ving length ^ 2 mm oan easi ly be recognised 
as far as the identity of the partlonlar partible prodasiag 
i t i s eoaoeraed. Tarioas standard paraneters are boiag used 
sines las t seversX years. They aore rangot loBls«tioai<graiB 
density or blofb density)! ssa(tt«riac^4glta rigrs* aass « sod* 
of dooior ste* Bsverer* the idsMtifisaitiaB of era^oration 
prodstfts prodnding Teiy short traffks k«fiag t^&XAkwX rtfiges 
<:1«5 • • • • hss abriys been regarded as s d i f f i t a l t task l a 
tho ssiilBlon vork* ffs here lued the siagi« 9«r«Mter of ' 
arerage traoM vidth neasnred at the end of ^ e traok during 
the las t 10 niercas fer identifioation of the p « t t s l e s 
*.J 
produslng th« tr«sk. Mm hterm ••l«ot«d a larg* ntniNir of 
tr«Bk« of oaBb typo of partiolto wHltth voro voOUl lAoirtlfioA 
^ sttfidard MtlM4« Olid tmoA tlio TOI IM of tfrarigo nidfeh 
f)«r oflrti of tlitfi* tlMOo li«ro lioon UmnA as fmUmn i 
UrotoB • 0*59 ^ •O?/^! l^ Mtovott * 0*i^ 1 ,07 /^ 
Tfiton • 0.S1 1 .15/^ Md «>^«9tftitfXo» 0«9i ^ • 1 7 M 
A Ipistocrtfi v«i tlioB draam botvooa vidkli and wmtbmt of 
trstiEf* Thio li&«to8r«i iiowi tlreo poiln* Tho f l M t and tiM 
Itfpgodt poak liao boaa anrJEtaiftod to tlio olasSsr «litffod 
ptftloloo. Tho r d i o of protoaot dontarono and tr l toai i s 
tbo adaiztttro of tlila poili bao boaa dataanlBod Iqr t ^* 
toot* Tlio ooooad poA oofToopondsto doribiy ohargod partioloa* 
Tbo tliird poik li^loago to tlio Ml t lp ly ^«rgod partiolaot tbo 
roooil moloi md ftpagaontadlon md opaiUafkioo prodnoto. Tbo 
boot f i t fbr "X ^» i t i r i i M toot roi^alo tbo fouowiag paroant* 
•goo of aaiasioa for vorioito partioloo t 
Fvoton • i»5 < » Boatoron • 15 < 
Tvitoa • 5 ^ • o<«^crtiolao • 30 f 
«id otbar booiT aooloi • 5 <• 
Tbooo rooolto b«vo boon oaaparod mtb tbo yooolto of otbov 
if08%of« mA bofo booM famd ta fa i r a j f a i t t vitb tb«u 
Tbo Mftflor diotvibatioB of tbo aaittod prodMto boi 
booM otaiiod dariag tbo ooafo of tbo ptooat wofb* i t boo 
dboag^od tbi^ tbo traaka baiiat roaidaA Pamoa botaaaa o to 
10 aiayaM abav a ipaaalviaaai or iaatfopit 
«trooo f i d n j von a i t t tbo Poaalta of albor 
for tbo aatiro rtf«o iatarraX m cvarico aaiaaatij bai b 
tmnA iftoviag « T/B wtM» of 1.311 1 iadi«i*lJig % 9r«r««a8« 
tiM «f«pac« fonrirA ••iMitjr of tli« frtporAUJig MMKI to b« 
0.019 C. m httf tlm stttdl«d tlM frtfwwy of o^wumw of 
liMMMT «r«ii9 tM li«f« f^ oimA i t to^e ^ 0.009 9«p ttiUitigri^UoM 
A owipM'Hiqa of tilit roMat hm %mm maOm vitli tho roMlto of 
otlMT wnrlmtB tm iXft^ifmA «ior«i«o ^mA torttoio mitutatm of 
tiM iat&doat vriBtfy ^«i* 
A otiid^ of tlio %l«ak trooltt hanriag lov oB«rgloo lioi 
%mm oontestoA mA tfetir •••mlwit londtotfta^ •—•at—t 
Tlio oforago «iri.tii4S tMm^gmtm of <lffMOMt ytftitlot liovo 
Ooo booa otM41o« vltH M^oot to <|^> 9 <V^> • <i^> 
Tbo oiit-off ^ia»9 fr %h9 proaooo of oviporolios 
has ^MB ilbtslBod i^ 1800 aloroM rmgo* in «tt«9t b ^ 
vote to o^^orillo Vi^  tfiA 1^ *^  ovoats i^ tiM oiit«off vaSio* 
BnrofOTt »» aoMlBfMl ooatiwoioM ooiOA h% A^mm tnm tiM 
griylui ototiinod VMtedlUr 4oo to lov otiiUotioo. 
9» MOMlto g|Mv «biil tbo f M t i i ia tiM 
o f mAuttmk o f OtOMBT AMtOVMW mA tV&toM mA tlW 
la tlio ppaiitliaa of tUmmr fgrtoaa oro WMmMw i — u i n atlk 
>• ani aiiM loot to tHo iaf^awi tk^ 
iMr ia MBov^r oOMlatfil va&o ta ^ o 
of tixmtm imtmmm mA tiitaao m •mi^mMA to tiM OOM of 
footor ytfrtUlM. 
«• boro alao «Morro« m ^ «IM BMS aiaaiio of tbo 
9«rtlal«o iaopoaoo nitb tbo portiolo aoM ia • otfaiflooiit viT 
of OX tto aUttoi yartlfOoi 
o 
TIM dipMMlaw of tlM «f«ra« n«ld M tlM <r i^> 
hm lM«i ftwiA to %• mmem voUdblo iB nnnpafftilmi to < ^ \ > • 
IJI OOM of ppo%os tKiA dwitflHNMt ood <pioimttio 
«jMiiMd ia ooM of tritdo Md i^^ • Moioi* 
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fhm wrmm^ woarli is % r«rolt of tlw wwtaiaod 
iBtcrMt and g«iAtfM« «r Wg9t99mr MaMi. Sliafl UMP wliMii 
X m «li«kML to llpor. N. z iuur Rilni0 Ili«i9 
aiod of tho OoptfPtMBfc of FloroiMt 4U««rti mmUm Itoivorsi^, 
AUgtfli for kiadOsr grtfitiag «o tho fa i i l l t los of tbo oHOaioa 
lilMfritoiT of tho doyortaont. 
Duviiig tho eoKToo of tho ooi^OailoB of tho di^o, 
vrlttBg of tho MMUMTipt of this thoolOf oaaooliftloaot 
•otfiiBgltel dloevooiOMff eonrootioR of tho tjrpod •otorlaL 
Br* Aihf iq All XhaBf Dr* Israr JOmaAf Dr. Mi^ id* Xrfi^it 
Dr. M« Zaftf • 1>r« Hatfild Bioan Tarooqi aad l>r« Taorlq Aals 
voro aSariqro kiiiA oaongh to ^aro thoir proslooo aoMoBto 
to roBola 00 ooorooo of oonoldord^Xo ooolataiiooo and 
• O I M U O adflooo to ao throoghottt tho yrooont wotli* X m 
highly thtfkfWL to oU of thoB for h^lMi^ BO to pit 
this vofh i a i to ftoooai ohapo* 
X m gra^ofhl to Dr. Sofaar MU IhaA, Mr. Ahtor 
Hwtfi Ihap/MT. S . l * ftasoao Ihr aMiotiat ao ia tho 
•olaoli^oaoi 
tli« «MisiMi idMTi^ iQvar f wpmttOJij UP* Xrfin • Mr* 
A.II. Unlit MP« AfSdL t MlM »«WtW Alt«««i for tlM 
htSkp mA oo-opf i^loa oldMi thm tily^ro ex toadi« to • • 
Aupiiig tlio oottTOo of tho ooi^lition of tlio 
KT tlitfiai ttf aloo teo to Mr* Hsd^ fbor itilaiiai aiid 
Xr* ahiiiid itli Jwftatt far tlioir otyoanono W9tk of 
tho —lifqn platao mA kolplac BO la tho 
m tuo onai X v i ^ to offor ^r tboeiEO to nt 
AlMad for Boatly Ar^fiaf tho flfuroo ^id 
tfid !»• I^oL Bwiis Xhtfi mA Mr* Sado<|ttl Isl«i for 




c B A P y 1 1 I 
DisijgaGaATioy 
1.1 imt?p<CTioy t 
Th« j«ar« b«tv««n KLdl^ilxtl** and •arly 
•••ratlM li«r* •••B a eoiisld«ribX« Xafik of l]it«r«st 
in th« stttdjr of produetlon of efaargod paitioloa la 
hadroii^niiolotts eollisloiifl boeauso of I t t ooaplleatod 
naturo* BitrlBg tlM roeont xaara tho followliig import* 
ant darrolopBonta banra takon plaoo and ooasoquontlx a 
Major Intoroat has boon eroatad in tho aiAiJoet t 
1) Tho phonoaonal aaeeoss of Glanbar thooxy 
of Miltiplo aoattoYing in oorroetly Ineorporatlng tho 
Buoloar offoeta* 
11) Tho poaolbllltj of •oaaoplng hadron-nuoloon 
oross sootlons for hadrona vhleh dooaor rla. tho olootro* 
•agnetle and strong Unt or actions shown bj- Kolblg and 
Nargolls ^ and Trofll^ • 
l U ) Tho possibility of tostlng tho prodletlons 
of Tarloas aodols of •oltlpartlolo prodaetloB In hadroa-
aaolooB ooUlsloBS with tho •oohanlsa orolTod on tho 
basis of tho oiporlaoatal data tor hadroB<4iii6lsiis eo lU-
slons as saggostod bjr flshbaSM and Trofll *'' » Dar and 
Tarj ^t SidMrtttflaa ' aad Oottftnod ^*^ • 
I T ) Tho posslblUtj of stad^lag tho syaiso^tlao 
doYSlopaoBt of tho ptftlolo prodB«tlon proaoss la tho 
hadron-nueloon eolllslons as dlseassod br 6«4tM>od^'^ • 
4 
Dit« to th« d»OT« rtasoa* a lo t of work has 
boon dono oa partielos oalttod with rolat lroly hlghor 
onorglo* (l*o« groj and sbowor traoks) whUo tho low 
•Borgx oido roBadLnod soaowhct oogloetod* In ordor 
t o hanro a ooaprohoiisiTo pleturo of tho vbolo procosf 
oao wist alto larostigato tho ooatributlon of r« l«t i* 
•o ly slowor partielos ( l*o. blaok traoka) • 
Wo haro« thoroforo, eoneoiitratod oar offorts on 
tho atudy of tho ohargod partielos oaittod dnrlng tho 
••aporaction procoss* For th i s purposo wo hanro analysod 
tho intoraotioas eausod by 2^ Oor/e protons with Ag 
and Br noelt l of nueltiar ovilsion* in ordor to put 
things in thoir right porsp9«tiTO wo h«?o tracod tho 
history of tho dorolopnonts in th is as woU as othor 
eonnoetod flolds at appropriate plaoos in this work* 
Siaooro attoqpts to stady "Bieloar Disiatogrations" 
woro mads after tho diseorory of tho atoaie naeloas* 
Tho ozist«aeo of atonic «n«l«tts was ostatolishod for tho 
f i r s t t i a o by tho import aat socpMiJMat of mithoirford ^^ 
in 1911* fligh spood (<» partielos from Radon woro 
foottssod iJi a narrow boa* to strike a thia gold fo i l* 
Most of thoB passed thronghf bat ^aite a few sofferod. 
large aaglo seettering. This led Bi* to prepoee aa 
atoaie aodol aooording to wfaieh tho afeoai ocmsists of 
5 
a potitiT«ly eharg«d central eor« cal led xmelcaa, 
laa^ring th« raat of tha apaca inaida tha atom for 
tha alactroiw to a at up thalr rarloua Barrr-go-
rooBda oallad or^lta* This la id th« fouBdatlon of 
Ktolaar Rqrfl^ ea* Tbo radlvui of tha nuelaua vaa latar 
astlaatad to ba of tha ordar of 10^^ ea* and tha 
danslty of tha nuoioar «afttar vaa found to ba of tha 
12 
ordor of 10 ga« por e«o« Slnoa thao attaspta 9if 
balng Mada to find tho eontanta of tha nuolaua aa 
v a i l as tho bahariour of thaso eontanta. I t vaa 
obrLotts that dua to tha aztroaaly aaall dJUaanalons of 
tha nuelaus attaapta baaad on diraet aaaauroaanta 
vould not ravaal anir infomation abo|it Ita atruetura. 
Aa tha atoBs vara a l l around In plaaty tho oaslaat 
•athod of knowing soaathing about thaa vaa to pick 
up a fov» break thoa to piacaa and than to axaaina 
tha aaaahad bita produoad for tho acvailabla inforaation, 
Tha procasa latar bacaaa tha baaia of ar t i f i c ia l trana* 
•atation of Aaaaata* Tha tranaaatation of Kltrogaa 
into QDQrgoB vas deaa b j itatharford in 1919 and i t vas 
in th i s prooata that tha ligfatatt aoelaaat aanolyy 
that of Qrdrogan contaiaiBg Mdy oaa protoa vas diseor* 
arad* This» hcM^wmr^ rofoirad a saitiibla projaotila 
• f aatahiag diaaasioBs to Idt i»d dianqpt tha aooloaa* 
Tha aarliaat projaeti las, tha only ooaa arailab* 
la at that t iaa , varo tha particles aaittad from tha 
G 
naturally radio-active sourcas. Kxpsrlfflents with 
thffi gaw f^raitf^ r«sult«. Th« mwrnt of brvakliig ap 
of tho meloos was naaod ** moloar Blaintogratlon **• 
Tho l^proTOBont In aothods of obtaining anitablo 
projoctllos and appropriate oquipaonti to dotoot tho 
rosnlting prodaeta vont hand in hand* Tbo diaeororar 
of noatron bjr Chsutwick in 1932 lod Btis«ab«rg to put 
forward tht proton-nmitron oo^^ait ioa of tho nuelans* 
Both of thaao olaBOBtarx partieloa woro «seaptod as tli^ 
fondaaontal bricks of tha nuclaua and v«ro eallod 
noelaona* Whllo tha soareb for projaotilas of largar 
•nargios vaa going on, Cossio Rays disoovsrsd in 1913 
by vietor Hass, }imr9 found to act as suitaibls projaoti* 
l a s . Tha aarliast photographs of ths traoks producad by 
CosBio Rays vr9 takan during a balloon f l ight , "Szplorsr 
II ••, in 1935. Wilkins ^^  in 1937 attributad thrae 
naighbottrlng traoks from ona of tha abora photographs 
to a aaelaar disintagration. Cosoic Ray particlas bars 
sines thsa ssrrsd as probas hanring a Tsvy vids rangs 
of anargy froa a f«v list ttpto <^^  10' MsT* Tarious 
iaportant son8lmsi«as vsrs dr«m sb^mt ths wMhanisft 
of anslsar disintcgratioas and ths natvrs of ths 
amovadtaer partiolss prodiASsd* SvriBg Coside Rigr stadias 
/A, .HMSoa was saQp«riasafcs33y itossorrsd i » 1937 sad 
laksiras ^^ parti«ls( X HMWOB) vas sbssrvsd in 19^7. 
Bovsvsr, thsrs rssalnsd ono ssrisiis draibaisk i n 
ths ttss of Conde Rsys that ths aatvrs and ths «isrgy 
ot ths iacidsmt partiols vsrs not known with ocrtalaty* 
7 
TlM iiisttaj.«tloB of partlel* a0e«l*rators was a big 
•tfp In th« foivard air«e%i«ii« Tb«j proiwtim ^mm 
• f dttlr«d partlel* irltii (Uifliilt* «B«rgj' and tha Talm*s* 
TlM f»ll««ia8 t i z different typos of toelmiqitoo for 
olitidUiiBC Idgh VMvcj pvojootlloo aro la fporaftioa 
gb Tapioiio roooaroii ooBtroo of tho vorld t 
X ) &$ BOllf O • OjTOljQtVOllO 
Y 
1 1 ) A»ot<ui aTBOhrot^aiM 
•f 111) Uoetron SyaoliTOt^ oiis 
IT } KLoetroa lliio«r ioeolorators 
• ) Storago slBci for proton • proton OolIldlBg 
Boips 
rt ) Storago Rlngi for ^ootroM •positron 
CoUldtBg Boaffs 
In tlio last fov dooados* on oao hand, tho oaorgjr 
rango of aoooloratlag aaOhlnos has gono up fr«« tho 
800-KoT(oa0Oado rootlflor sot of Cookroft tfid Walton^ ^ ) 
to ' ^ M)0 aoT/C proton botfi «ibt«lnod fron tho froton 
ffsm^hvotrM i* latlonaX iooolorator ^^ idMrotorarOldtgflay 
mm^Ls) . an tho otl^r htfid tho oouidlng h o « toMnlfso 
hm glvon an offootlvo TOlno of tho anorgy rango of tho 
yvoJo^UJtao i«to Sooo Mf oMtfnod hy zatoroootlng 
itorogo mings for proton-proton MllUiag honw tA 
cmv '*^ « eontlMionf offovts oro holng nnis to ridUo tho 
nppor Unit of tho lorallihlo mmttr XmtH* ftrogri 
for proton aoeoloratoro for Mx> OoT and^Cybomotlo" aooolo-
rators for lOOO (SoT aro nndor vigr In UtA and WtH rospoo* 
tlTOlj* Tho ti^lo glTon la p^pondlac I Ohows 
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th* high 9n9Tgy proj«otll« fatel l l t les str a l l able 
at various Important experlaontal centres and 
XaS>ora:torles In different Odoiitrles, TIM deta i l ! of 
d*«lgii» vorklBg and t t t l l l ty hare been dlseussed In 
th« reriev artlel«s of Beb«aii « Courant^^ and 
Pellegrini'*^* 
Using differMit part ie lss vith different 
energise a largs amount of work has been done on 
melear Blsintegraitions and various new partioles 
have been discovered* A table coapiited by Tho«as A« 
Lasinski ' shoving the elenwitar/ partioles reported 
upto Febraarx 1» 1973 has been partially reprodueed in 
^pendlx II in vlav of i t s historieal inportance* Ths 
portion of tho tdble includes only stablo particles vhieh 
are laGOune to decay via the strong interaction. In 
addition to these elenentary particles a host of meson 
resonances with their masses ranging f^ om mo to 1770 NOV 
and yet another family of baryon resonances with their 
•asses ranging from ^k•70 to 3 ^ 0 HeV have also been 
reported from time to time, in odiftRseventles tvo very 
sharp rvsoBanees ( 4^ , t KassadAlO^^ 0«003 GeT* massuldth 
^ 1.9 MOT and 4/ » mass« 3*695^ Q^OOk OeY, mass width 
<^2.7 NOT) hacre boon discovered* rrUlmlaary iavostlga* 
t ions staov th«t their U f o time i s of tho order of 1 0 * ^ 
second* L«fc«ly a fsv others «re uader o^Mtdmrmtlea foot 
eoafirmatiWEi of various parameters* 
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It ira» quit* natural that lapra^aatnts In 
the projactllaa vara followad tj ijqproviBantg In 
th« dataotora* Tarlous tae)ini(|iiaa vara davlsad to 
dataot tha product• oibtainad aftar tba braaldlng Jt^ 
of tba malaoa* Thaaa matbods ean ba broadly dlfidad 
Into two elastaa* 
A* »wa » "naual taehnJottai t In tbata natbods 
of dataction va obtain tba inforaiation a» an alaotrleal 
pi&laa vhlob can ba raeordad and ooHntad to t a l l tba 
nuabar of partlelaa vbich baTa paaaad througb tba re-
cording ay at as* Tbc following tacbnlquaa of thla typa 
ara in ttaa ainea tba aarlj davalopaant of tbc aubjact • 
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d ) lonlaatlon Cbaatear t Tbla la ona of tba 
aarllaat darloaa to datact and naaaura tba Intanalty 
of radlationa* Uban a Toltma of gaa la trararaad by 
cbargad partldaa It la lonlsad and thaa aada alaetrl-
calljr condnetlng* If tba Cbaaibar containing tbc gaa 
la proTldad vltb tvo alaotrodca at dlffarant pot«itlala 
tba lona arc avapt tovarda tbca and an Aaetrlcr oorrant 
raaulta. I f tba f l d d la aafficlantly atrcag, aoat of 
tbc lona v l l l reach tbc dcctrodca before being neatra-
llaed hj rcccBblaatlmi* Tbna the atcngth ef corrcBt 
wi l l be found to be prcpertlenfl to the rate of lonlaatla 
on of the gaa which In tttm v i U be pr^ertlonal to 
the Intenaltx of radlatlona or the naaiber of partldaa 
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paMilBg tliroiigh th* gas. 
(11) 0«lK»r GcwatT s It oonslsts of a grsondtd 
Iwlloir ga9 f l l l«d ejllBdcr* A vlr« irlth high Toltag* 
ippUad to i t pastas along tho axis of tha «3rllad«r. Mb 
9Pa^9*la^X« «iiiTSfit Is eondMOtsd nomallyi Wt vbaa a 
•hargsd partlels passos thraogli tha ttiba» alsetrons aro 
fomad vhloh oollldo with gas aolaeitlas. In this proeoss 
•laetroos ara prodsead whlsh la torn prodoaa aora alaotroas* 
This ehalB prodnotloa of alaotroas aotlrltlas a dlsshgrga 
batvaaa tha tflal vlra and tha vails af tha eylladar* Tha 
pnlsa of tha dlseharga Sttgfmt Is raeordad asd eoantad. 
Tvo «r aora oountars ••gr ha usad to astalillsh tha 
dlraetloB of tha partlsla. 9f tlalag tha palsas f^ roa dlffaraa^ 
oottiitars tha spaad of tha partlela eaa ha datandLaad. Thasa 
aathoda aora callad <«olaeldaneo taohnlquea " • Tuba aad 
polat oonatars ara la vi»9 slnea 1928. 
( l U ) galatlllatloa Gowtar t Sodloa lodlda(vlth a traso 
of ThaUlm as afftlTator) or ftelatUl&tlag plasties ( a a lzt-
HT^ of 97*k^ psr sant atgnranat 2*5 »«r oant torphaogrlt 0.Q3 
p«r «oat totriviMaga hvtadlano aM O.ol par •mX slaso stoa-
ri^o) «ro «ae«9lM tf SVMOI tr«asp«raBt siftstttaos vhlsh glvo 
l ight 
a fslat/as a rasalt of oloatrla aacltiM.«n of thalr aoloaalas 
aiMB m I—I stag ptftlalo paMoA hgr thaa. Tho ftraHlaa of tho 
snargr of tho loadUiBg p«r%i«lsi^  w t a i l s d to light aiQr ho 
as high as 8 par aMt. This Itgirt la M>«< tteaagh 
alsalalaad stjrMna roflootor « d thaa aada to fa l l mt 
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tb« eathodc of a pliotoimiltlpller tube. A cascade 
of electrons glTes an e lectr lea l tflgiibl act the 
output of the photoaoltlpller. These pulses can 
be recorded and counted to glre the niiii>er of par-
t i c l e s passing through the counter in a giTen time* 
(iv> Certfricar Counter t A charged part ie le 
Boring through a transparent substance with a veloci ty 
greater than the Telocity of l ight in that substance 
gives out a sort of bow-vave of l ight at an angle to 
the path of the part ic le . The Cerenkor l ight i s radia* 
ted by the electrons in the Boleoules of the substane* 
vhen they are pushed aside by the high*«i«rgy particle 
as i t goes by* Although th is l ight i s very feeble > 
being only 0.1 per oMit of the energy lost by the 
part ic le , yet i t s location i s certain, since i t s 
characteristic angle nay be deterained exactly by the 
velocity of the particle* This l ight can ise converted 
into an ^ e c t r i c pulse iihioh nay be recorded, and 
such pulses nay be counted* 
B« Tistt^ teiftniquei|t t in these aethods of 
detection a photograph of the track of a charged 
particle i s taken and aMasitr«itfits are aade on these 
tracks by suitable devices AepeadiBg en the choice of 
the techniqpie of detection* The foUcMiag teehni^oes 
have been developed tering the past four decades. 
1'^ (  
(1) Cload ChaaibT s in thi» <l«vlc« a gas-tight 
ohaiibar eontalRs a gas (say air) saturatad vlth th« 
•apoar of a l iquid (saQr alcohol) at tb« operating 
t«q)«ratur«. A ria>ld adiaibatle aipansion of th i s KLxturs 
produess a f a l l of tsnpsratura i^ioh in turn oauaas a 
f a l l of ths •qolllbriim Tapottr prsssurs of ths l iquid 
and th« Tapour eondsnsss in tho ftom of droplsts. Ths 
eondansation raquiraa an objaot to eondansa on to i t * 
Tha passaga of a ehargad partlela producas ions along 
i t s path. Thasa ions aot as nuelai for eondansation. 
Thus tha path of tha partlela i s randarad Tlsibla by tba 
prasaaea of tbs eondansad droplets* Thasa droplets eaa 
be pbetogrsphad stereosoopieally for keeping a record 
of the particle traek. A "Diffusion CbafldDer" i s yot 
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another iaproved shape of the cloud ohaniber • 
( i i ) Bubble Cbawber s This device i s very useful 
beeattse the track of a particle can be followed through 
more 
a sensitlTs Tolwee upto two aeters o* eren/ln length* 
A eertain Toluae of a l iquid sagr hydrogen i s taken in 
a ehaHS>«r st a given pressure* The pressvire i s suddenly 
ttdaeed to a value lover than that at whieh the l iquid 
b o i l s . Dttring a brief period the liquid v i U boH 
vliere a disturbanee i s oreatod by a ebarged partlele 
but not elsevhere, so that the tracks of bubbles l a the 
l iquid shov the Path of the ebarged partleles* These 
tracks are recorded on storeophotographs * 
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(111) fpart ChaabT t This t«ohnlqu« provldss 
th* b«st tlBo resolution glTsn b j slsetroiilo dstset -
ors. within a s s r l s s of paorallsl platss In a gast a 
high Toltag* I s appllsd between ad^aoerit p lates . Sparks 
oooor along the path of an Ionising part ic le , and 
these sparks can be photographed* The Toltage I s 
applied only when a eounter telesoopa Indleates that 
the desired particle has passed through• Within l e s s 
than 10* second after the passage of the part ic le , 
about 10,000 Tolts oust be applied to the plates In 
order to glye the spark* Thus the spark chaaber Is 
•ade sensltlTS enljr for a T U T short period when the 
desired particle Is present, and I t I s not l ikely 
that any other undetlred particle v l l l be recorded to 
confuse the data* 
( I T ) Mxolear BMlslon FLates t The f i r s t 
atteBa>t to eapley the photographic plates to detect 
the tracks of charged particles vas aade In the 
ballooB**Sxpler«r II** f l ight by U.8. Hatloaal Geogra-
phical Society and the ttalted States itanqr In 1935* 
Since then stte i^ts are being Made to laprore the 
aibore mentioned photographic noelear cMlslon plates 
t9T use In the detection of energetltt seocndary parti* 
c l e s glTCB out In nuclear dlslBtegratlMM* Since ve 
hare eaployed th i s Bethod of detection In the presoit 
work, a b i t of I t s detai l Is worth considering* 
M 
Tli« MMliioii t««hnlqa« provides a direct record-
ing of the detailed feeturee of the IndiTldael InteraBt* 
lone froml£)'»*^b >hlgh-aiid iiltra*high»energj' regions. 
Three chief advantages of eMilsions are vorth Bention* 
ing . Vlrst l j» i t possesses a eontinaonsly sensit ive 
nature vhieh allovs the recording of rare events obtained 
onlj after long ei^osiires* Secondly» i t provides a high 
spatial resolution vhieh allows the traoks of individual 
particles to be distinguished, even i f inclined relat ive 
to one another at very snail angles* Thirdly, after the 
developaent of the p lates , i f they are kept under spool* 
f led conditions the photographed events can he preserved 
tor several years, 
A nuclear eaulsion consists of ^]rriads of snail 
crystals of s i lver halldes* Silver bronlde aaong then 
occupies the lergest proportion* These haUdes are 
eaboidded in gelatine which prevents the Migration of 
haUde crystals during dev^opnent and fixation* The 
erystals of s i lver hallde contain l a t t i c e inperfections due 
to the preseiMO of rodudng substances and sulpher eoap* 
ounds in the gelatine* Their presence i s f e l t to a groct-
or extent i f duirlng proparatica the vaidied eonlsion i s 
boated. These reducing suibstiseos and si lver conpounds 
roaict with the s i lver ha^ldo gridns to produee "sensitivity 
spooks" of s i lver and s i lver sul^kldt* tt those sens i t iv i -
ty specks happ«i to be situated on tbo surface of the 
crystal thiy assr act as nuclei for the foruatlon of the 
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**lat«iit lB«g«"« Dnrlag •zpomr*, just l lk« l ight , when a 
fa i t eharg«d partlol* pastes throfugh a grain, an axosss 
of pesltlTS «)firg« i s produesd at ths snrfaes of ths cxystal 
in tbs forn of positlTs s i l r sr ions , and a eorrssponding 
nsgatiTs ebargs in ths fom of olsetrons in ths oondiastion 
band« A rseoablnation of ttasss tvo opposits ehargss i s 
prsvsnted by the opsration of tbs mA!QC-COff>OV prineipls« 
According to this prineipls, ths radius of a s i lTsr ion i t 
about 1*1 i and of an atoM 1«^ i • Thus i f ths ion i s to 
oaqpturs ths Slsctron, i t s nuelsus aust thsrsfors nors out 
from tbs nsighboaring surfaes atoas through a dlstanes of 
/^^ 0*3 i • Tbs proesss of eapturs i s thus rsndsrsd Tsxy 
isprob83B>ls* 
Ths s i lver ions fomsd by ths passage of tbs elpargid 
partiols ars tra^psd in •*potsDtial wells ** fomed at the 
ssnsit iTity specks and bscoas ussful in latsnt imags format* 
ion i f l i s at ths surface of tbs crxstal* Tbs szpossd 
eanlsion plats ! • then iassrssd in a rsducing bath, known 
as "dsvsiopsr "• Duviag th i s proesss, as suggsstsd by 
nilvortb St alt tbs tsnpsrsturs should bs maintainsd st 
tbovt 5^e« Tbs sbfMicals slowly psaststats tbroagbottt tbs 
ToluMS and dsrslopasnt takss plass Tsfr slsiOy* Aftsr attai* 
alBg m i^proxiBaliftlT uniform oonesBt^trafti«if tbs ssssss 
solution i s r«Bovsd froai tbs fturfaee* Tbs SHSISISM srs tbsa 
•ouBtsd on glass p ls tss and ars kspt sa'bst bath* sib dbout 
20^0* At this stags, ths dsrslopasnt proossdt rapitly» 
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Th« platM ar« tb«B I w w f d in a *stop bath* consisting 
of a 0*5l( aqiMOiui solution of aootle aeld at 5^0, wlileb 
stops fvathmt dsrslopvtfit* Th« ionlssd atoas eaptursd 
l a ths potMiitlal iralls ars thus transforasd into •stalT'le 
granulss of s i lTsr. in aggrsgata of a fsir s l l v sr atoas of 
ttea ssas i t is ing lagrsr aets as a dsrsl^paant-esntrs for ths 
latoat Ijiaga. Aftsr dSYslopa«iit» ths SHIISIOB I S plaosd 
In another bath, eallad ths "fixer ", whieh dissolTss tbs 
unaffsctad grains of SIITOT halida, but Isarss tbs m a l l 
blaok granulss of notal l ie s l lTsr. 
Tbs fix^tlsii i s done b^ r aaintainlng tbs bath at a 
loir ts^psraturs of loss than lO^o » and g^isralljr takss 
ssvsral daors* Tbs fixing solution i s allovsd to pass 
slowly OTsr ths horlsontally plaosd p s l U e i s s in tbs fixing 
bath. After ths plates are cleaned a slow flov of water 
rsplaoes the fixing solution .just to di late i t* When the 
eonesnt-ration bscosMS nsarly 5% of tbs original fixing 
solution* tbs platss ars vaSbsd until: a l l tbiosulpbatss 
srs rsBSrvsd. Tbs platss ars tbsn sssksd in a solution of 
glyesrins of strsngth 2 to 5i and tbsn drlsd* Tbs swilsioD 
«t t h i s stags tsnds to strip off ftron tbs g lass , i f no 
glyesrlns i s mssd* Bat sxosss uss of gljesrins i s avoidsd 
1ise«us I t aikss ths finlsbsd sHalsioa too so f t . Tbs f inal 
drjing i s gsBsrslly «srrlsd out by plaeing ths platss 
borisontally in a ^ n i t l s surrsnt of air* AltsmsfclT^^ft m 
eonc«it«ratlon of s leo4iol i s bui l t up in ths f inal vatsr-
glyosrins bath unti le I t rsacbss a Talus of 90% alcohol, 
\ 
f h% glye«rlB« and 6% wat«r. The alcohol hardens th« 
g«latln« and r«BKnr«s vat«r so that tho final drying takos 
plae« Ttory rapidly. Thus a fcrios of bladk grantilos of 
••tallie silTtr all along th« path of tho ehargod partielo 
ar« paraanoBtlj prodneod iihieh ean be soon under a aiero-
•eope of sttffioiiBtU high Bagnifioation* This visible 
laterally eoetended "path** of the charged particle is called 
a **track'*« The distance between tvo adjacent granules inerea-
ses vith the energy of the traversing particle. Thos the 
appearance of the track is different for particles of 
different energies. According to a latest(197^) publication 
approximately Ti% ot the collisions occur in the heacvy 
nuclei, Ag and Br, 2^% in the light nuclei, C,N and o and 
only kt in hydrogen* A classification of the tracks is based 
on the fact that a ainisum or pi at can Talue of ionisation, 
say I is produced by a particle of energy ^ 2ao , where 
•0 is its rest nass energy. The tracks found in eanlsion 
plates are classified as under i 
(1) 8hifer Tracks t The black granules of silTsr 
Sppssr widely separated ttom each other such that the ionisa-
tion is less than 1.5 tiaes I • This ecrrespoiids to ^  «0.77 
for singly charged particles, and kinetic energies of 8o NeT 
SBA 500 MeT for X-mesons and protons respectiTcly* 
(ii) OTfar Tracks t The black granules of silrcr 
are closely spaced and in fact a few of them also ccrihiac 
together to fom ((bobs'* such that the ionisation lies biftwem 
1*5 to 10 tines I • This corresponds to ]^ot<»s of energy 
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25 to 500 M«V and TV-aeaons of < 8o M«7. 
( H i ) Blatfk Traolf t Th« blaek granulM of sllTar ar« i 
they 
•o paok«d together tbat/Baor not b* usually dlstlxiguishad fl*oa 
•aeh otb«r scparatvly auob tbat th« Ionization i s grsatsr 
tban 10 tiHss I • Tbis eorrssponds to protons o f<25 MsTf 
dstttsrons of <50 NsV, tritons of <i75 M^V and e^»partiol«s 
and fragmsnts of ebrgsi bigbsr tban tvo of <800 MsV. 
( iv) Sbort Satnratsd Tracks t Tbsss tracks appear 
thicker than a usual black track and tbsir range in ths 
••nlslon i s l e s s than 10 nicrons. 
When a projecti le interacts with a nucleus of the 
eaulsion producing nuclear disintegration, a nuiiber of 
charged particles vi tb widely different energies and masses 
aagr coue out producing shover> grejr, black and short tracks* 
All these tracks wi l l hare the target nucleus as their 
coBDion source. The over a l l picture of the erent provides 
a peculiar sight. Bgr sisLlarity of appearance i t i s cal led 
a *• STAR " • 
According to a reviev report read at an inforsal aeet* 
ing held at BoiibaQr on Byveriber 13» end m>,196l hy P.Q.Shokla 
of Tata Institute of TUndaaental Researeb, BotAaj the 
following important types of nuclear emlsion plates are 
aeraildble 
(a) Sensitive to a l l charged ) a 5 vitb undeveloped grala 
> diaMter 0.2?^^> 
particles of any energy ) K 5 with undeveloped grtXn 
diaseter 0.2o / ^ and 
L ^ vitb undeveloped gftim 
diameter 0•^k-^ 
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(b) L«« strongly stKtltls«d. 
R«eordlBf protons to^ 
aS>ottt 80 Moy(/3>«0A) 
(e} Bseordlng Brotons to 
^7M«V(/2)«0.12) 
(d) HMordlng frotont to 
:^5M0V ( /?>«0,1) 
(•) just rooordi oc-partle-
l s s . 
( f } Doss not rseord c< -part4 
lo l ss* ) 





(K? » El and KO, rsplaes ths old 9 2, 8 1 and D 1 } , 
Sines vs mads ass of ths Ilford 6 5 sonlslon platss 
i t vould/Ds oat of placs to rsprodacs ths td>ls glTsn by 
Carta' ^ st al» for ths oonpositlon and propsrtlss of a 5 
sanilslon p la tss . 
Tatols 1.1 . Composition of Ilford 6 5 smulsion. 
Ths snail anoant of iodins has bssn inelndod andsr Ag i t s s i f . 
^r-inCA) i s ths p-noelsas i n s l a s t i s sross ssetien as m oaleola-
tsd osing tfoods-Saxon dsnt l t j distribation. F^ i s ths trmtlom 










































Th« wnlslOB plat«s ar« used under controlled 
eoadltloos of taaqperatur* and haBidlt3r. Thegr are stored 
iB a refrigerator vli l le not i n use* 
Tbe presenee of aaeleons inside a mcleas sreates 
a "foroe field** aroimd It* While approaefalng the Baeleas 
a fast aorLng partlole Interaots vlth the Baoleus through 
th i s **force field**. This Interaction mtif be of two types» 
Baaelj e las t le or I n e l a s t i c A distinction between these 
two types Is based on the examination of the f inal produets 
obtained after the Interaction* The dlfferenee uia^ be 
stated as follows t 
(A) a iast le interaotlons i Zf the I n i t i a l 
participants before, and the final products obtained after, 
the Interaction are found to remain Identical and without 
any excitation er change of their Internal s tates , the 
Interaction I s said to be e l a s t i c . 
(B) Iflf?^tfUf lr^^¥^9^ > I^ the I n i t i a l part i -
clpants before, mad the f inal products obtained after, the 
iateraetion are different as regards either their nniber 
or the ident i t j or the i a t emal states of a few or a l l of 
them, the interaction i s said to be ImAastic. 
In case of ine last ic imteraotions i t maor so happen 
that the nmcleus i s found brmken m^ into s«r«r«l b i ts* The 
indlTldual pieces magr be simgle particles cr dus ter s of 
them. This particular case of inelast ic interaction i s 
then Called **lliclear DislBtegratloB**. 
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Tb« aetital ••ehalsisB of dltlntegratlon s t i l l remains 
uncertain. Tarloat aodsls taacr* b««n propossd as bsst f i t 
to M:ps(riBental data for dlffarttit snargiss of tha inolduit 
partielas* Two dlffarant aodals soggastad,during tha aarly 
daT«lopaant of tha suibjaet, to azplaln tho •aehanlsBi of 
melaar disintagrationa ara dlseussad balov br i s f ly . 
(A) Case ado Modal t This aodal vas put forward Iqr B 
Sarbar in 19^7« I t i s basad on tha following fonr eoMi« 
darations s 
( i ) Tha da»Broglia wara longth, X « < ^ » of an inoidant 
partiela of anargy •••oral hundrad NoY i s rmrj Hooh saallar 
than tha dinansions of tha targot anclaas. Va oan,tharafora, 
ooB^itta i t s path insida tha naolaas. 
( i i ) Tha Talooity of tha inoidant partiela i s largsr 
than tha Taloeitj of tha nuclaons insida tha nuelaus* R«Doa 
i t s co l l i s ion t ins with a m&elaon i s shorter than that of 
tha naaelaotts with osoh other* Tha inoidant partie la , 
theraforOf iateraists indlTidaallj with the aialeons ooeiiig 
in i t s Wior one after the other* Soae of the struek ameleoas 
esquire saff ie iMt eneriar to e s e ^ e the aneleus ^hile a 
few of then aagr itaor Inside the auoleus to Make further 
ee l l i s ions with other meleons and kaoek thea out of the 
aualeus* This i s hew a easeede e f ejeeted partielee i s 
developed and henee the aaae *6eaeade Model"* The develop* 
aent of the oaseada takes apptwdaat^ly 10*^^ seeoad aad 
i t i s siqpposed to be a "fast proeess ••• 
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(111) In tb« •)»«•• eolUsloBS smaller monentuB 
tTtsckntmm astm sttppos«d to b« fortilddmi aoeordliig to th« 
p«ai»s cxelnsioii prineipl* • 
( I T ) Tb« TtHdnal molifiM after glTiag out the 
easeado la laft In a highly azsltad stata. At tlaaa tha 
axeitatloB anargjr B«r ba eaaparia^la with tha totaX hlndliig 
aaaargy af tha imelaaa* AM a raault of random eoUialoaa 
batvaan tha nuelaoBs a partleia mior ooaa oloaa to tha 
xatelaar bouadarj* If at that inataat whlla •oving along 
tha OQtvard dlraetloa Its klBatle waargy axoaads I ts bind* 
lag aaargjt i t asdapas. It takas about 10*^ saeond. AgadLa 
aftar aa astiaatad tlaa of tha ordar of 10*^^ saaoad aaothar 
partiela aay follov* This prooass Is eallad <*BraporatloB*> 
for raasons statad in tha bagianing of tha nazt ehiQ)tar. 
Finally vhan tha nttelaos has lost aljaost all of i t s axoita-
tioa snargy i t raturaa to i t s grouad-stata by salt ting 
"f" rays. Tha "Brap^ratlon" i s sapposad to ba a *«loir prooass**. 
Tha ahora aodal has baaa usad for socplaiaiag tha aspariaaatal 
obsarratioas saeeassAtUy by Tariaoa vorkars^' • 
(B) TVTil W^tl * ''^^ "Taaaal Nsdal" vai saggastad 
by Roaalar aad M»Caakar^ la 1953* It vas fooad to ba aqiially 
fraltAa alMa asad by Tarioos othar iwrkars^***^ .^ It i s 
bat«d an tha followlag four oansidaratioast 
<1) Aoeordiag to tha spatial thaory «f ralatiTlty» al l 
phytieal l$tt9 raaaia unohangad aadar Loraats traasforaafkioas* 
This aaaas that If va dadata aartain lairs for tha nuolaar 
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liit«raatlon ooB«ld«rliig the liiai.d«it part ie lc Boriiig 
towards th« nueltas iihieb la ait r««t than • la l l «r lairt vlXl 
hold i f v« eoiiildcr th* partlola at rast and tha melaos 
•orvlBg tofirarda i t to eaata tha Intaraotloa* 
(II) Again tlia dlaaatloaa of tho faat aovlBg nuelaiia 
ma oanrlsagad i n ( l } abora v l l l appaar to bo ooaaldorabX^r 
shortaaad for a partlela at raat daa to LoroBts eoDtr«it* 
Ion. Tbas i t ao«MS attractlva to asaiuM that tho Inoldtat 
partlela doas not Intaraot vlth Individual nuoloons of 
tha noalotts. Instoadf I t latoraets eoUoetlTolSr with a l l 
tho Booloons lying along a oyllndorieal tunnal earrod oat 
of tho Buolaits as I f tho sueloiM has boon drll lad through 
by tho partlela* t h i s glTOS tho naiM ''Tunnal Modol«* • 
(III) HOW va rotum back to tho original plotura of 
partlela In aotlon and nuelaus at rast . I f tha energy of 
the Ineldent partlele Is eonslderaft}3y high the radius of 
the oyllnderloal tunnel w i l l be of the order o f - ^ » where 
• i s the rest aass of a plon • The iiuiA>«ri a, of partleles 
ianrolTod sianltaneously l a the iateraotloa oaa be glToa 
by a « X ( - a U ) 2 . i . d , ( 1 * 1 ) 
where 1 « the leagth of the tuaael t 
tgA d M the tfrerage nueleoa density of tho nuolear matter* 
Thus a i s aa estimate of the nnibeir of aaeleoas 
aaitted dsrlBg the f i r s t stage of the iateraetloB that i s 
the •* fast prooess "• 
( I T ) llhea the tuanel eollapses a suffielent tfK>unt 
of surfaee energy i s released. This energy ezoites the 
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rMldttal iiiel«tts« Tb«r«aft«r par t ldos may coma out 
oa« aft«r th« other *<bslliBg off** tho anoloas slowly 
aiBeordlag to tho **8raporatloB ** proootc as dooorihod I B 
tho Casoado Nddol. 
nurliig roeont joars Tarioas othor aodols for 
protoa-mioloaa ooll is loBs as w^Ll as protoB^molowii 
eoUis lons hafo boon suggostod. Thogr haro boon siUMiarlsod 
horo briofly I B ordor to Bako tho doaoriptlon upto dato* 
Thogr ean bo dlTldod broadly Into two groups t 
(A) Tho **slBglo stop Koohi^sn **(88N) or tho ••iiidipondo<» 
Bt partleio aodols "(IFN). 
(B) Tho **doMblo stop moehaBlsa'*CD8N) or tho **oohoroBt 
prodaetlOB aodol **(CfH). 
Tho Casoado Nodol dosorlbod aboro oovos ttsdor tho 
slBglo s t ^ •oahanisn BOdels. I t has boon obsorrod that 
for prlBaTT oBorgios upto 25 SoT I t oxplalas tho •a l t lp l i - . 
olty of showors, griys aad <1^> fairly wall but at hlghor 
oBorgios I t grossly ororostiaatos thoso quantltios^^*^^. 
iHprovsaoBts woro aado I B th is Hodol f«r rsaovlBg th i s 
dofoet. Fltflilbaiio ot al aado «so of tho Glantbor anlt iplo 
soattoriag thooiry taklag iato aiBoo«at tho BOtt<*«lassieaX 
of foots l iko roooattoriBg md shadowiag of tho propagatiBg 
partiolo by oaeh othor* I t has boon roalisod that at 
^^200 OOTA! tho forward OOBO hadroas aro so hl^ily o^Uiaa-
tod that thoir oror a l l spstial opoBlBg boforo lotfviag 
tho Buelous r«ialBS oaly r^ -j^ of tho nuoloar radlas. Tfa«s 
tho forward OOBO partiolos OSB aot bo troatod as iBdopoBdoat 
SBtitios* Artykov ot aLhcvo earrlod out oliborato 
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lfoiit«*Carlo Calculations assxuiing that da« to high 
eoUlMflCtlon a l«rg* inui»«r of s«condar3r partlolos Inter-
a0t with •&• and tha aazaa Intranuolaar naelaoa. Sran thair 
ealoulatlona laafl to hlghar Taluaa of <Cl^ )> ^^^ ^IdB y^  
50 OoT/Cy ••g*! at 200 OaT/C tha pradlotad Talua la 13.04p.6 
vhara a« tha axparlaantal Talit*^^ 7*3^ 0*2 • Latar on 
Flghban* i t a l t n d Flahban* and Trafll^®*^^ *^iB a 
•azlaa of papara honra daaerlbad thair ealeolationa taking 
into aoeonnt a eonaidaraihly rodaoad affaetiTa oroaa aaetion 
of n ind«pandaiit partielaa. trnfortiui«taly thia iaproiraMant 
a l io f allad to aaka aaar dant in tha problaa of diaagraasant 
hatvaaa thaoritioal and aotpariaantal raaulta. 
Dndar tha Mouhla stop Ba^BMaa" typa^ aaaantially 
thara aro thraa Bodala. Ona of thaa i s tha*^niffraotiTa 
Bseitatlon Modal•*^  ^ ^^-In thia i&odel i t ia asaiuaad that 
tha particla production takaa place through tha diffraetiva 
axeitatlon of th^ naelaenaCisobara or noraa)* In tha f lrat 
eoll iaioB of tha proton tvo novaa ar« aocoitad a f aat ona 
and a slov ona* At high anargias tha particla production 
takaa plaib* OOBOJ after tha fa i t nova haa la f t tha maolaona* 
Tha alow noira doaa not apprcoiii^Sy parti«ipata i a tha 
pt f t io la prodiiotioa* This wnAml iaapita af i t a cppliaaS^ilit: 
to proton-naalasBs eoUisioii to aiplaia ••oriooa aq^ots 
f alla^^ to anplidJi tha ehargad partiala a a t l ^ l U i t y 
distribtttioB and tha aJbaarrad anargr d i»<id i> i i n pp^^a l^l 
aiona. Hixt eonaa tha **Qrdrodsraa>iie«l Ifsdei " girtn hy 
ka l,mAm * In th is modal in tha flrat atagOf tva h»iraal« 
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(Uses B««t •aoh oth«r and eoal««e« Into a alngla body 
vblch axpanda until tha TOIUIM la larga anough ao that 
IntcraistloB b«tw««n tba albs«rrad partlelaa baeomaa aoiall* 
At this ataga tb« partlolas b«glii to Moapa trmmU* Tha 
first staga «lil«b asaantlaUsr datandiis tha aoltlpartlela 
prodftetl<m la govamad br ralatlTlatl* lqrdro4yii«aaa • Thla 
•odal naj ba sold to ba an mprovaamt ovaar th« niiiiii«l 
Bodal ** as shomi bgr BolaidEjl and undan^^ • Tbo aipail»ant« 
al liifaniatlon on tb« IseiuslTa piroton spoetrm la p«aM«lMM 
eoXllaloiia l a , botrarart dagulafOy laekliig* Tbo last to 
•antloti In thla eoimaotlon la tha "Snargjr Flux Caaoado 
Modal "^ *^  • Thla sodol asauaoa that la a mtolooB-flRaelaM 
tbo oaaoRtlfa ptf«Bat«r goromlng tho atfflj avoltttloo of 
tbo qrst«B sjra not tha oenraBtlocial badrcMU 'Aiot I t la 
aetuallx a eaaoada of tbo flax of aaargy of tho badronle 
•attar vhloh ao^aa raqi»ldljr Uka « flra ball* Tbo oxpanalon 
phasa In thla nodal la ralatlvaly faatar than that of the 
Landtfi *s sodal* Tlia nodal haa boon toatad by Cuor ot al!t% 
Baroolon^ ^ al eoUabora^lon^^ and Oottfrlod" «t 200 doT/O 
tnA has boon fomad to agroo at laaat <iitallt«tlTaly wltb 
tho osparlsantal oiisarvaitlofia* 
l « 6 IBOTIM^ fKESSi * 
IB oaao of all tbo d»4vo aodoln It la rmtr sloar 
tbaft nbgtofor mar )»• tbo aoobanlaB of tbo **f«at proooaa" 
tbo "doir proeooa " of "inporatlon " In a asat In tho 
final at ago of a WMloar latorafltloa looilag to dl«latogr»> 
tlon* This apoaka by Itaoif of tbo aoopo aad naoosalty of 
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»ufflcl«nt aaiount of research work to study the process 
of "Siolear Sraporaction". Since pointing out the importance 
and u t i l i t j of tho present work i s too earlj at th i s stage 
i t v i U be f\irther diseassed in the next chapter. 
Tarioas workers hacre esti«ated the nuiber and 
nature of evaporsted part ie le i at different eotoitatioa 
energies of tho residual neelei* In the prosent wox4c ve 
hacre used a to ta l of 7o8 noisloar disiategsratioai of Ag 
and Br nuclei prodneed tgr exposing 05 esmlsion plates to 
2^ - GeT/S proton hea*. iKboat 8000 **blaok'*, ''grej** and "short" 
tracks vere thus l e f t at our disposal. About 20 por cent 
of these tracks are of length greater than 1*5 • « • • and 
thsQT bare been identif ied by eith«r of the usual uethode 
of identif ication of charged particles discussed in 
Chapter I I I . The reoair.ing So percent of theu are "short" 
tracks which can not be idmt l f l ed by any of the usual 
•ethods. We haTe measured tho average width of a large 
nasA}er of these tracks at tbelr ends. These widths hare 
been s t a t i s t i c a l l y u t i l i s ed for the id«it i f ioat ion of the 
charge particles responsible for these >Hihort" tracks* 
This i s entirely a new approach whdLoh can be dereloped 
further by luproriiig the etactistios* 
We hare, h«w«rer, boon A l i to oeUMate the percenta-
ges of eadssioB of differiot cbflrged partlcloe by th i s 
Method* Those percentagos h«ro beea d«tendaed and coaapred 
with the iflsult of other vesrkcrs Ulieervror poesiblo. We hare 
also theortt ical ly worked out tho nunber and percentage of 
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•Blsslon of different types of charged particles of 
dlfferant ansergias and ranges using an IBM-1130 cowputer. 
W« have then compared these Tallies with our experlaental 
data* Using the "best fit** progranne I t has been found 
that the best f i t to our data Is only aohlered by using 
definite palrtieular values of the paraaeteors ImrolTed in 
the foraula for th« nwri&er of evaporated particles* 
During the course of our experimental Inrestlgationa 
ve hacte also been able to make an estlmatloc of the angular 
distribution md. thus the forvard-baelcirard ratio of the 
tracks, the velocity of the residual nuoell, the frequency 
of occurrence of the haaner tracks, the longitudinal and 
transverse momenta,and the cut-off value of the energy for 
the evaporation process . Details of the above are given 
ftarther at appropriate places. 
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CHAPTER 11 
EVAPORATION PROCESS 
C ^A PT gft I I 
BVAFBiglON moClBS 
2.1 Introdttotioa t 
Tli« ttrai **«Taporatloa** has b««B borrov«d 
fro« the ph«B<Mi«iioB of «iri9dratloii oomtrrlng 1B Uqiitldt* 
Th« siTaporatloB of a li i iald eoaslsts IB th« •seapt froa 
th« Bala bodjr of the Uqald of thoao Bolooialos vlilebt 
iB tholr tbonial agitatloB, aro BO'vlBg vlth a gaffloioBt 
spoad to broak tliroagh tho lurfaoa toaslont that l a , ifhoto 
klatftle aaorgy ozcoods tho work funotioa of eohosioa at tho 
surfaoa* Tho highor tho tMporaturo tho aoro rapid la tho 
phoaoBttioB. Tho rata of oraporatloa l a , hovovor* l l a l tod 
booaaoo mOj a saa l l proportloa of tho aolooulos aro at 
aay lastaat loeatod aoar onough to tho surfaso and aro 
aovlag la propor dlroetloa to osoapo. As tho fastor aoTlng 
aoloealos oaergo* thoso lof t b«hind hanro loss aTorago 
oBorg]r» aad tho toaporatura of tha Uquld i s thoroby 
lovorod* 
A s la l lar phonoaoaoBy with uhloh vo aro eoaoor* 
Bod horo» ooeuros la oaso of auoloar dlslatogratloas also « 
I t has alroady booa statod la Chaptor I that vhoa aa saorgofelc 
prlaanr partlolo iatoraets with a aueioasi prodsoiag aaolos 
dislatogratloBt assoas aad fast aaolooas aro prodacod* 
Thoso aaor bo dlTldod lato throo oatogorios aooordlag to 
thoir oBorgios* Tho f l M t eatogoxy eoasists of tho paftioi* 
ha:viBg Tory largo kiaotle oasrgios l a eoaparlsoa vlth tho 
biadiag oaargar par aaolooa. Thagr haro loag aoaff-froo-paths 
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in nuclear matter* The7» therefore,escape after Baking 
one or tvo oolllalonfl. The direction of their eiaergenae i s 
strongly ooUiaated about the direction of Motion of the 
incident part ic le . Particles of re lat ire ly lower kinetic 
eaergy-y say 50 MeTf COBS under the seoond catsfory-* Since 
the nucleus i s »oro opaquo for theM» thej Make Hangr c o l l i * 
sions before escaping. These particles caerge showing l e s ser 
ooll iaation than those of the f i r s t •ategorjr. Particles of 
both the abore categories lose energy to the mtoltus beforo 
flnaLLlj escaping. Particles halting kinetic energies co^paraS}** 
l e with the binding energy belong to the third category. Thes« 
particles are trapped within the nucleus after a few coll is ioBs* 
in addition to the abore tvo catogori«8» these particles 
also coatribut* towards the to ta l energy of the target 
nucleus. The nucleus at th is *tage i s thus l e f t in a highly 
excited s tate . MOw as a result of randoa col l i s ions between 
the nucleons inside the excited nucleus statj s t l ca l fluctuations 
in the directions of notion and energies of particles take 
place. During these fluctuations, when a particle finds i t s 
kinetic energy suitaflsly greater than i t s binding energy wliile 
•oiping along an outward direction i t ose^^es out of the aucleus* 
After a short intorral of t i a e , estiaated to be ryj^o"^^ 
second, another part ie le aagr fiad i t s e l f in s ia i lar eoadlticas 
and aagr esc^^* Tbs proooss i s repeated t i l l the eoDCitatioa 
eaergy of the aualoas beo^Ms so aaall tlia:t i t soaes hmlk to 
i t s groand«.state by caitt iag Y -rays* 
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Frenksl was the f i r s t to Tlsuallstt the 
•iMllarlty between the evaporation of liquid molecules 
and the slov return of the naoleue to i t a ground-state hy 
•ueeeeelTe eslss lon of partiolee* The la t ter pheaoaenon was 
temed as "SUelear Sraporatlon ^ hla* 
2.2 tiM^tlttl<|nf of f l w i a . ^ t y t 
I t I s to be noted, hovever, that the s l u l l a r i t j 
betveen llqpaid and nuolear «raporatlon ean-not be oarrled 
too far* The eraporatlon of nuelear particles differs 
froB the eTa^oration of l iquid noleeulea in nany respeots* 
A few of then are being nentioned here. 
The nuiiber of particles in a nucleus i s ouch 
•nai ler than the auiriber of noleeules of l iquid in a drop. 
Thus eraporation of one sUigle part ic le eonsiderablj lovers 
the eoceitation energy- and hence the so called **nttclear 
teaperature ** • 
The ratio of surface area to volume i s aaeh larger 
for a nueleus than for a liquid droplet. Thus the **themaX 
ttKCitation'* in the fern of surface and volune waves beoones 
iaportant* 
The enission of charged particles becones eoi^plieated 
due to the presenct of (Ufa** barrier. Turther, "thenial 
e39«nsion ** of th« ntt«^ «EU and the •meutrcn excess ** also 
• f feet t t e flMel««r •rayon^ioB. 
2.3 tetratiwi 9t iaf»i«eition t 
I t i s , kevevsTt aatiiral to eocpeet that important 
infontations can be ototained about the nuclear structure and 
nttcleon-nueletts mmmifftimm or nueleem-nucleon interaction 
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nochanisa i f v« know the nature, number, energy, etc . of 
the erraporated part ic les . There are two different methods of 
eonputlng the properties of the evaporated part ic les . One 
I s the •*MoBte Carlo Method "^  and the other i s the **statl8tl< 
eal nethod.** 
2 A Mant» Carlo Method t 
In this approacht th« oharaoterlstitts of 
typical cascades foUovlag f^oa the Interaction of a prlaary 
partic le vlth a atteleus are oonputed h j defining the Indivi-
dual values of the parameters Involved In the developsent 
of the caiscade, hy the throw of a die . The scheBe of calou* 
lat lons I s shown In the block dlagrav^ given In Vlg« 2.1* 
large scale caleulatlons of this type oan glvo'< an estlHate 
of energy^ aoBentun, direction, eta, of the evaporated 
part ic les . These calculations, however, are very arduous. 
The '^statistical aethod » Is , therefore, preferred being 
aueh simpler. 
2.5 fftjfclst^crt |fftho4 t 
The s t a t i s t i c a l aethod of nuclear dlslategratlon 
vas given by Bohr and Kalokar • I t aagr be compared with 
the themodyaaBleal treataent of the liquid drop aodol. Za 
t h i s Method Instead of traoli4[ the hlstoiy of e«sh ladlvi* 
t a i l partlele soparafeelyt the distrlbatioB of ettergy l a 
the naeieus i s eonsldorod as a vhOlo* 
The f i r s t step towards the dovolofaoat of the 
s t a t i s t i c a l theory of nuclear evaporation vas taktfi by 
Wolsskopf^ l a 1937 «h«B he derived a fonn la for the proba-
b i l i t y , ^i( ^ j[,)d^^ f por unit time of eaission of a 
1. Fa&Bt of maltty Into niiel«ui 
01io»oii« 
i 3t;(b) 
ni«t«nMi of tr«fol OIIOMII 
on 1»«si« of total oro«« 
sootioB* and maoloar eot^o* 
•ItloOf ! • • • position of 
oolll«l<» ottil^lltfliod. 
I 
3« MsltlOR Of oonisloB 
«t«i»od to • • • I f It I t 
la-tldo tlM moloiM or not. 
I 
Km If iBSldOf tho partnor la ohoMn 
(O) ItOiU^StlOII of 
*Mltl0» ( ^ t <)  )• 
I 5* eoiilaioB 
oorvlod out rol«tiTl«tl* 
•oXlar oliooslBs an appro* 
pfldto anglo* e« for tho 
oolllsloa ma oaKmlatlng 
out oBorgloo and dlrootltmo 
of aotlon of roooltliig 
ptftloloo la tlio liiboratorj 
I 
6* «>POitldd«aMM« of •oEUloloii 
I s ssaalMAt ! • • • nhitliffP 
oitbsr of tlM ffswatlm part* 
lo lss iMVo ssvrglos loss tlias 
tiM sorrospoiidiag fwal 
I 
7. XfoaiMsd**. QM yaerUiils I s 
stovsA f ir laMr trsaftawt mA 
tbo othar Is falloiMd* 
I 
1 
^•b« A now stodpod paortlolo Is 
sotooto4(soo bos ?)• If no 
storod partlolos «ro loft « 
aav sassads Is startod vltli 
a f^ rosli Inoldaiit partlolo 
(box 1)» 
h*m» It OMtSldS tiM M0l«Ha»tlir 
flttslsoa bas **oss«tod**« 
nwrgy and dlro«U,o« of 
•otlsK of sssapdiig flHSlsoa 
aro iiotod* 
7.a« If tbo solllslQa ls*»fofblddsn» 
a mmt dlstanoo of trsrol I s 
•alssli^tod (DPOB polat of 
fbrblddsB oolUslott) f)or tbo 
oassado partlslo (bos 2 )• 
MC* 2 . 1 . BlocOc dlagri 
NBHto Carlo 
• of tho ooorao of tho 
oola«latl( 
partidtt} i , with kinetic anergy between t ^ and 
wh«r« m^ ±9 tta« aafs of tta« pasrtlei* and g^ i s th« niaiber 
of I t s spin statost vhleh i s SipiaX to(2s-i>1) wHsii s i s ths 
Ci) 
spin of tbs part ie is i tes~^ i s tlss eross ssotioa for tho 
forvatlOB of a oompoond mtoleas in tli« iarsrss proeossf 
WcCa^r^d W i ( ^ ) ^ ^^^ ^^^^ asasit ios of tho i n i t i a l 
and f inal nuels i , respectirsly, and are the fUnetions of mass* 
charge and excitation energx* 
Since tho toras oross section and level density oceupjr 
ioportant plaoos in the present discussion i t i s necessary 
to dLsoass thea in separate sections* 
2.6 9ross #f9lf^on i 
In goneral» tho cross section of a nuclear reaction 
i s defined h j 
naii>«r of dvents of/giTon type per unit t ioe 
Biaiber of inoid«at particles per unit area per unit %lme 
or altematiyely through the eq[ttation (r * - ^ t where a i s 
the nuiA»er of target particles per unit Toluae aad A stands 
for the aeaB ftree path for a particular type of interaction* 
The **Bohr Asmnption" states that the aode of dls integ-
r i^ i« i of a eoapound systea depends only on i t s energyy aaguler 
aoaeatua and parity» hat not on the specific vay in whitfh i t 
has been produced* Ascording to this assuaqption,we can write 
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th« cross section of d nuclear reaction 1 + x —^  J + Y in the 
Tom 
(1) (J) 
, ^ ( i p 3) = ^ ' Pc <2.2) 
vhere X i s the target nueleast 1 i s the Ixioldent part ic le . 
(1) j i s the eoergiiig partlclep 7 i s the residual nueleas, <S^ 
i s the cross section for the fonat ion of e cofi^oiiiid sgrstea 
hj particle i > iaoideiit ttpoa x and P^^ ^  i s the probability 
that the coapouad ssrstes so formed ieeagrs into j and 7. While 
calculatliig the cross section «?f a particular nuclear disinteg-
ration one makes the foUoving three general assumptions i 
( i ) The maeleus has a v e i l defined surface vhieh i s 
that of a sphere of radius R» The nuclear forces do not act 
hetveen i and the nucleus i f the distance betveen i and the 
centre of the nucleus i s larger thm R* 
( i i ) I f a p}«rticlet 1 $ penet^rates the nuclear surface , 
i t mores with an acrerage kinetic energy which i s much higher 
than i t s energy outside the nucleus because of the attractire 
nuclear potvi t ia l ""^  2o Me7 • 
( i i i ) The partiele* !« i s siAiJeot to strong interactions 
inside the auoleusi so that I t Intepehanges I t s energy rapidly 
with other nuoleons. 
When a psrtlttlet I9 of oharge Z^e 9IS iaeideat em 
a ntafileas Xt of Charge ^ Z,^ ^ the Iaeideat particle Is d«Tlafeed 
by a potential 
• • h^h* (2.3) 
vbere e is the ileetroBie oharge and 
1/3 1/3 
R.u^ (i^) *u^ (2A) 
. i . The V 3 9 
and r^ * 1.3 xlo -* cm . /quantity/ is called th« 
'*Coul<Mab barrier" • V la corracted for tunnel effect 
and Moltlplied ^7 the penetra8)lllt7 ooefflol«nti^'(0«7 for 
protons, 0*77 for d«ixtoron«» 0.8 for tritona and H^ ^ , 
0«83 for ^ -partieles )• The Talue thus ol>talned la 
oaOled the **reaction barrier**t 7^« On the dbore eonaldera-
tiona i t can be ahoim that 
6— i ^ ^ U ^ ^ (2.5) 
i#hen ^ i > • ! 
I f (L^ la suffloiently greater than Y^  ve can write 
^ « «7CR^ . . . (2.6) 
e 
w i l l be OB the other hand when ^ i "^  \ X^h^m ^^ ^ 
sero* BquaMLon(2.6) has been dbtalned on the consideration 
that iastoad of the particle 1 eaerging from the nucleus 
i t enters the nucleus i n the inrerse process of the foraat-
lon of the ooapound nucleus. Cross sections for rarious 
types of reactions v i th different energies of ezeitation 
hare been ealenlated and eiverlMentallj T«rifled by 
Ashaore et al • , Rndsta* et al.'^» Ceirolani et al«? BagaiBb«v 
• t al.^» BriesoB^^t Agodl et al*^^t Srioson et al.^^ and 
BBgler ot a l . ^ • 
The shape of tlM dlstslbiitiaia fteMtioa 
Pj^(^^) d^^ for the Buriber of part ioles , 1, eaitted between 
•nergios ^^ and (j^ ^ ^ ^k^ ^* MX^^ ^f 
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Pi( t i ) d e^ J^^ P^  (1) . (2.7) 
vhtr* PQCI) I S th« r«latiT« d%eaj probability for tbo 
eoapouBd mteltus C to daeagr hy wdasion of partielo i* Th« 
noiibcr of torat in this SUM i s giTsa by tbo noiribor of 
loTsls of tbo rosidaal melwis T vith an oxaitatioa onorgjr 
S botirooB S and 1-d^, vhoro 1 i s oqual to tbo difforoneo 
botwoon tbo aaziMUi possible kiaotio oaorgios of tbo 
rosidual auelous T and tbo outgoing partielo i* and tbo 
kinotie onorgj of tbo partielo i . This Biuft>or 60y (1 ) i s 
eallod tbo "lorol doasity**, of tbo rosidual auolous T at 
oxeitatioB onorgy 1 • 
CoasidoriBg tbo nuelooas as tbo partiolos of a 
bigbly dogoBorato •*Forai gai" rarious votkors liko 6otbo^» 
BardooB^^* '^' , Vaa Uor ot a lJ^ , Mots ot a l . , aisiai^°, 
Saoddoa ot a l ? t Caauto^^ and Magda ot al*^^ bavo ealeula-
tod tbo Taltt« of l«¥ol doasitios. Tbo aoat froqiuoatly usod 
foraala for tbo lorol doasity 60 (B)»for a nooioas of mass 
nuiri»«r A i s 
6 0 ( S ) « C o (2*8) 
vboro tbo e<mstaBt C sad tbo aoeloar taqporafturo, ?» aro 
dotoraiaod by ooaptfisoa vitli oiporiaoat* OniaUy ttao rola-
tiTO probability of oaissioa i s e«iaid«rod ia ealealatioas. 
Tbus tbo eoastafit C i s oUalaittod ftroa tho aaasrater aad 
tbo doBoaLaator* As rogards T tbo r«latioa botwooa « aad 
T i s giTOB by 
» »-^f^ <2.9) 
41 
It ean b« tvathmr stated that using Taylor's expansion 
i t oen be thown Arem eqaation (2*8) thet the logarita of 
the lerel density i s of the fern 
dLogt^ 3CE) « - ^ | ^^'^^^ 
AM there i s a slsdlar equation for entropy in themodynwicsy 
therefore, thea«pression log ^ (s) i s oailed the entropy 
of the residual naeiens* To naintain this s i s i l sr i ty the 
denoMinator T i s called " Aieiear T«i9sratare "• Using the 
nuolear teaperature as a parameter the probaibility of eslssion 
ok 
of neutron i s given by Bagge as 
f±i^ty d ^ 1 • , 2 . • . d e ^ (2,11) 
and thst of a charged particle hanring ^ greater than the 
reaction barrier Y^  as 
The nuaber of charged particles MC^ )^ with energy^^ 
esciping per second fTon a mcleos at a t«9«rature T i s 
written in the fora 
W<<^i)^ti • K- • f * <^i-ViM i l | Z i L .de^<2.13) 
«hex« K is a constant depending en the aiHtoertl of psrticles* 
the anelesr Y O I U M tft and the aassy M» of tho particle and B 
is the biadiag energy of the particle* 
F«r ncotroas Tj^  will be s«ro tfid the fova of distri-
bution will be sinllar to th«t cf sMlecules SBcrglng throagh 
a pin- hole in a box containing a gas. For charged 
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partlelttf th« (Ugtrlbatlon wi l l b« t la l lar bttt I t la 
shifted to higli«r •acrgles by an aaouat Y^* 
2.8 ftf^jtlTf B|tfbtf>i;^ty 
I t Is MKftimmB moirm U8«fUX to find ««t tlM 
rt la t lTt probaliillty of Md.«slon of a partlelo in Qoaparlsoa 
t o noatvon or proton than to stitdsr i t s IndlTldual proibiMll* 
ty, Ualng ocpiatlont (2.6) and (2.8) and Intogratlng (2«t) , 
Le.Couteur^A has obtained ^Crz—zr , i 
i^oro a^  and a^  aro tho l«r«l donalty paranotars for 
nnolai bafora and aftar tha avaporatlon and W^  l a tha nazUna 
Talua of tha azeltatlon vhleh tha naolaiia mgf poaaaaa aftar 
araporating a partiela 1« Tharafora 
Wl • «c-^i-Vi <2.15) 
wbara S^ la tha azoltatlon anargy of tha miolaaa bafora 
aTfl^oratlon and 8^ la tha aaparatlon anargy of tha partiela 
1* Thu tha ralatlTo praibdiillty of aodaalon of tvo partieiaa 
1 and j for a glroB aisltatlctfi s^ oan ba vrlttan In tha 
for« f. ^ 
r , « i - i 
( - ^ ) < ^ ) » " <2.1«) 
Tha dqpandanoa of tha par«aiatar a on tha navtron axoaaa 
of tha nieloua, according to La C 
diffar«it partiolaa aa followa i 











• n ^ e >2 
1 .2 . . , . > . (2.17) 
- " 5 1 — > '^  
Wh«r« 6 » I&^l 
Tbtfi tha ralative probsCbllity of « i l s s loa of Tarlous partlelM 
irltli rotpaet to noatroa ean b« writ tan as follows s 
For protoR 
W 1 
Fo» ddataron np 
^.3(^)«jp[<-f - )^{r - - '- -'-^ "* 
B 'nd 
,Sn-Sd V<i-2<e) - f 
•}] 
For tri ton 
- ^ - 3<-^>«»[< Tl*^ ** <8„-»t-»t-2 ^ ) ] 
For Hi-
(1-2.6 6) 2 -^P- j j , 
Fsr «< -partielo 
(2.18) 
R 
- 2 ( - ^ " .^[(-jlkJ* [8,-8„c-%< -G-2.69) - % ^ | 
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vh«r« * * 
Th« TaLiMt of S oan b« ototalaod ATOM th« CSOMTOR**'^ 
ma9s table . 
I t I s to bo Bot«d horo that tho ](artleios 
oMlttod in tho oraporactloa iprooosf should bo distrlbtttod 
Isotropieally In tho rost sjrstoa of tho orayorating Booioas. 
Sineo tho dlslntogratlons tako placo by tho i ivaot of high 
onorgx partiolos, tha Toloeity of tho struek melons aagr bo 
largo onough to oanso a oonsldsraiblo dlfforentoin tho 
angular distribution Maasurod in i t s rost systoa and in tho 
laboratory systo* Tho t l«« takon by tho oraporation proooss 
i s short or than tho t iao ro<|airod to slow doira tho nuoioas 
by ooUislons in tha oxsilsioB. Bineo tho oraporatlon in 
gonaral oeeurs vhilo tha nuolous i s in motion. So tho 
oiqpaoted onargy dULstribution froa tho or^oration theory 
should bo txmcfo transformed to tho laboratory system for 
comparison v i th tho ospMJMntal energy distribution. This 
transformation as doriTod 1^ Skjoggostad and Soronson^ maor 
bo used nhoroTor aoeosssry. 
Using o^maitioB (2.13) two msoftol tfl9)los have 
boon glTOB by BsvoU ot aX* showing tho rate of omission 
of anelosr g flrspMats of dlfforoat typos mA rolatiTo 
prc»ba3»ilitios of « l s s i o B for dlfforont typos of soeondary 
^ariiolos from tho oraporatiag aaoioi with mass wuftter A «^ 8o 
eorrosponding to different sots of parameters. These tables 
ha:re been rfprodueed in i^npondlaoo XXX siki XT. 
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2,9 Co«p«rl>oa of thtorfctioal pr«<!iotloaa v l th th« 
Th* iBtrodttotioB of th« s ta t l s t i oa l trovMiit 
of Biioloar disiatogratloBs b j Bohr and Kalokar vas atlUsodl 
bjr Bctht^^ and wolaskopf' to atudsr tho partlolo oTaporatloB 
ttom oxdtad maelai • I t vas lator appllad to low oBMTgf 
particlas oibssrrad In oaolalon stars "by Baggo^^ and BtfdlBg 
•t al^' . Tha faot that the nuelous eools down a^roold^^j 
9T011 aft or the oraporatlon of a singlo partiolo vaa eonaldar-
ed by Tajlaoto ot al^ • Alnost eonttaporarlly Lo Coatonr^ 
using Fond gas aodol and assuning tho sstoitod naolsas to bo 
In tbomodsmaide oqvlllbrliui oalculatod th« probability of 
OBdsslon of dlfforwit partlolee as a ftoetlon of oxoltatlon 
enorgy as v t l l as tli«lr relatlva probaSsllltlos talcing Into 
aoeount th« cooling dovn of the nuoleus. I t s therttal e:9anslon 
and I ts neutron excess. The assuaptlon that the noelaus Is 
In tbernodynasda a^iuillhrlim excludes those disintegrations 
for which the excitation energy Is greater than the tota l 
binding energy of the aooloas. In ease of Ag and Br nusloi 
of MolsloB th i s U n i t la 600 !!••» Light n m l d l ike C»V 
and 0 voro also ozoluded f^ ron eoslng under tho scope of 
Lo Goototir's oalonlatloBs. 
larding ot al.^^» ?age^^ and Barklns^^ eolloeted 
sufflolent data by ebaonrlng the disintegration eTsBts la 
nuclear MUlslons under a aderoseopo* The aethod of locating 
a disintegration orent or star and analysing It has been 
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difOttM^d i a diftall in tli« D*Z^ ebopt^rt and i t has b««a 
a««d In tb« pr«9«Dt vork* 
Later on fbirthar data ha« bssn eoU^etsd and 
Qompotmr oalealatloi^ bare b«en doB« bj DovtrorglQr vt al* *^  *^ '^ « 
Forlle^^S Frl«dland«r ct al.^^ and Alexander «t al.**®*# 
F»eullar typ* 9t ealttad partielaa, naolaom^ 
l ight Buolai, baaTy frag««nt8t lqrp«r-f)r«gB«its, and spiOlaifeioa 
products baTo also b««n obserrsd f^s<iasatly and sfforts h«T« 
bsen »ad« rse«ntly to explain the ai«ebanisa of thsir saissimi* 
Janng than '^amer traokf ** oeeupy a special pl«0s« Thsss are 
ft Q 
da« to l i ^ and Bs nools i . Tbey vers f i r s t obssrrsd by 
U.1 
ooobialini and ^nrsll • ii^ortant works in tbis eonnactiou 
hafre bssn dons by Bska st alT ?^ ^ BboMdk at al •» BaiuiaiiB 
«t a l . ^ ' , and Braa-n at a l . ^agasotatlon and Spallation 
bare baaa studied by Perkins '', Nakagawa st a l . , Baksr 
st a l . f St din and Hudstan^ • 
7hB iraat inforsiatl/jn JraamlVosa the cozoparison 
of thsor^tioal pr^dioticms and ass^arlaental oflbsarratitms i s 
Stat of tbs scops «f ths present vork* The foUoidLag parag:faphSt 
beveveri deal with only the rslerant fentares^ 
2*10 I f feci of Charge er stoals is«t>er y on the mwmaarm^ 
I f th« Bass BtBriber k rmudJu e«istant» i*s«t fsr 
a fafflly of is<iibars> the eraporatioa beha[vioi]r strongly 
dttpmOM on Z« The nuriber ef particles eTa^ E>o^ ated has bsen 
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found to bo approxlaatoly liaoar lii(Z->Z^) for tho saito Ini* 
t i a l nuclear toi^oratttro. Tho rolatlonship oan bo ozprosood 
In tho fom 
i«Cj^4Dj^ iZ'Zj^) t (2.19) 
vhoro 1 ;• tho nus(b«r of a partleular type of partlcio 
OTaporatody 
Z^ s ehsTse nu£ft>er of tho srtaiblo nuelouo of mtun WOAT At 
% « eh«rge nosftsor of an isobar of tho staS^lo mtolous 
and C^ and 7>^  aro oonntants depaiding on tho typo of tho 
ov^or?»ted part ic le . 
Tho strorago znudoor of oharsos, ^/^^y t i^i^ ^^od 
dorlag tho ovaporatlon proeesis has bean found to Incronoe 
linoarly with increailng (Z*Zj^ ) within tho lladta of(2«Zj^) 
« • 3 . ?or largo (Z-S!.) soparatioc ansrgios for shrgod 
pajrtlelos b^cwie smaller and that foj? n«iitrona boo<»os larger. 
Tho srers^je nu»b«r of tiuolttons, <AA>^y « enltted during 
tho ora^orstlon proe^aa has "been founi ta "bo Indapandant of 
(Z'Z^) bicnMso tbo nogatiro and poaltlre signs of B eaneols 
out for neutrons idsd chargad partielosx^ 
2.11 y f o e t of tlio Mass ma^w A on tho ovaporatioa 
This off oat hos bo«a studied by !>o8troTslgr 
• t al'^''. at tvo nuoloor tm^^tt^Wfnt T^« kHmY and T^^MsT. 35, 
I t has booB found that tho crorago BUi*>ar of partlelos eolttody 
<AAJ> .^ 9 Inoreasos approzlMatoly Unearl j vlth Ineroas* 
ing A as shoim in Klg. 2 . 2 . Tho slope of tho straight UBOS 
47Ct>) 
0 20 
Fig 2 2' Average number of nucleons,<AA>Av, lost in the evaporation 
as a function of nnass of starting nucleus for two values of initial 
tennperature To-
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obtained i s consldtrably diff«r«at for the IndlTldiial 
partiolM llk« Bcotront and vrotom .^Thttr* ar« depressions 
t h e 
and paaks in tht straight lines dus to/«ffsots of shsll 
struettirs of the naolei on their binding energies. The 
redttetion in the probability ef eadssion ot one tjpe of 
pertioleso for exaaqplet neutron emission from naelei with 
a elosed nautren shell« i«e«« with aagio aeatron matoers* 
results in an inerease in the profl^ability of eraporation of 
other coapeting particles» espeeially protons* 
2,12 T>e«exoit>|tion energy T>ar naolym s 
If ve assume 1^ to ba the in i t ia l esoitation 
wnergyi the average de*exeitation anergr par naolaon cans be 
vritten as 
^ r - ii ! ^ ^2.20) 
The e^qprassion on th« right hand sida of the equation 
inrolves separation energy and kinetic energy terns* The 
kinetic energy in i t s turn depends on the Couloaib barrier 
and the nuclear teaperature* Both these paraiseters Tary with 
the nuclear defoznatien due to excitation* Thus the over-all 
dependenee ef <6^ en the in i t ia l ttetperature i s too eos^lez 
in nature to be written co^lieity in any siapla wwST* The 
•ariatlon of teaperature vlth excitation energy oani hoverer* 
be seheHatieelly iUttstrefted by ng*2*3. Th« values ef <(:> 
are plotted agaiast nuclear teaparature by T>ostroir8]qr et 
alT^ as shewn la iiitr*2«^ • The Unas for tha three starting 











Fig. 2 3 : Schematic illustration of temperature-energy 
curve in the course of evaporation. 
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Fig. 2-4: Average de-excitation per evaporated nucleon 
as a function of initial temperature. 
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Tor <L^^ as a function of I n i t i a l t«mp«rature T^derlved 
hf th««« vork«rs Is as folloirs t 
<^> * <^AA> * ^'^^ ^ •^'*^^ * ° ' ^ ^ ^ ^•025)T^ MtV . . ( 2 . 2 1 ) 
AV 
2.13 gff»ct of i n l t i ^ <ttgit>tlQn t 
9iiio« Is actual praotle® v« deal vlth a laofg* 
mufoer of nuelol possossing a distribution of ftxcitatioa 
•nergl«st ^^o actual boharlour of tho eraporatlon eascado 
i s a superposition of a large xzunibQr of Idoalistfd oasM of 
dlff«r«it Qxoltatlon onerglos. II has been obs^rvod that for 
low tamperatoras T ^ « 9 MeV , 
vb^rs S i s ths av i^ragd 2aa«8 of tho ev^oratod partlol«» J ta 
tha tota l nuiiib«r of tha evaporated particles and B^ Is tha 
Inxwlal ^xciwatioii anerii/. 1^1;;;.2o saovs tba areraga nuaber 
10*9 of diffari^t partialaa avjiporatod fro& Ag ^ nuelal as a 
ftmotlon i»f i n i t i a l axcltation energy. Tho avaraga aiass i 
Inoraasau with axcltation en«ffgy. Flg.2«6 ahows tba natnra 
of Tariaiilon for Ag ^ for dlffarant laral dcnsltloo and 
Couloab bifrriara. Oiba i n i t i a l aaccitatioa oaargf has boao 
fouad to ba:ra a aaall offaot on tho ratio of M%agl$ to 
doitibly ebargod partlolos. For ig ^ i t i s ^ for a« «-^ and 
T « VCT^) «id ^-for ^ ^ - ^ « d V » V(T^). 
2*1'«- « f f o t of Cqitf.qrib bayglor m tkm oraporation 
b o l i y i o ^ s 
Tho Conloafti barriar affaeta tha aniaaioB of 
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Fig.2-5- Average numbers of different particles evaporated 
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Fig.2.6: Average mass m of the evaporated particles as a 
function of initial excitation energy calculated for parameters 
a = A/lO and a= A/20 with ( V = V ( T ) £ V| l a n d without (V=V(TO)3VO) 
temperature dependence of the Coulomb barrier. 
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80B«what uncertain du9 to the uneertainty of the value 
of the nuclear radius. At high nuclear excitation a depre-
•aloB of the CaiHaaSb barrier i s obserred facrourlng the 
«d.sslon of lov energy particles• This depression Is eaiosed 
b j the naolear theonial expansion and surface osellla(tloBS« 
Mcrrlson et al?^ here estlaated the effeet ef themal eoepan* 
Si Oil, to be roughly 0.8 T % ohaBffe in noeletf radius aBd| 
therefore* a change of the ssae order In the Coulorib btfricr» 
The effect of surface osollliitlons was estlaated hy 
to be 0*15 T^ depression In the Couloiib barrier* There i s a 
s l ight Increase In the anrerage Baift>«r of mioleons enltted 
I f ve use the corrected Talue of the Couloirt) bari ler . For 
^ A A ) > J | ^ the change i s ' ^ 12*C and for <AZ>^y I t i s 
20i for 6 MeY I n i t i a l temperature. 
2.15 fffeet of IfTf^ df»nity i 
Various workers ^^"^ hacre calculated differe-
nt values for the leve l density to f i t in vith their ezperl-
•ental observations. The most acceptable valtie has been 
found to be • • -fjj* • Dostrovshar et al«^^ have perfemed 
their Calculations with two values of leve l densitiest «• | ^ 
and a « |^ m I t has be«B found that a redHead value of« a " 
aeans an inereaa* in tha prcbdbility rati^-^ 'i^'a* •*P*<i«U7 
for rarer partieleSf reaultiag l a the depression af the 
proportion ^f protons and nastroBS. Thus, the avarage ^ass 
of the evaporated partielea i i s higher with a • i^ than 
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with as - n as shown In Fig. 2.6. A small dtcreass Is 
also obMrvsd In <AA)>^y l a going from am - ^ to a « - ^ 
the 
booauss of th« Ineroaso In/aTorags klnotic onsrgy of the 
partlc lss oTaporatsd and| thorsforo, tlio Ineroaso In tho 
atrorago do*«zeltatlon snorgy p«r naeloon, 
2,16 affoot of aaoloaf TwroTaturo t 
I t has bsoB polntod oat osrl lsr that tho 
naeloar ttaq;>iaratura f a l l s as ora^oratloa proesods* AoeordlBg 
to sqaatlon (2.11 ),th« szeltatlon onorgy Tarlos rapidly 
v l tb T| tbsrafors, aost of tbo partlelos ars «s l t tsd bsforo 
ths toHpsraturs fa l l s to ^alf I t s original Talus. The 
•ffoot ITS asan t«qpsratiirsy T^ » Is sstlaatad to ba 0*7 
^«az' ^ * ' * ^Baz ^* ^^* I n i t i a l tsaporaturs* For chargsd 
part lo iss , T^ Is orsn nors ciossr to T^^^ * ^*^^^'* a^  lovor 
tsiqisratttros ths CouloM) barrier Inorsases ths probabllltj 
of «[d.sslon of nstttrons. Thas ifh«i ths nuolsus rsaehss tho 
f inal stagss of sraporatlon I t bsooaiss s l ight ly rleh In 
pl»otons. iocordlng to Fajlaoto and Taaagaohl" « and 
Lo Coatoar ^^, aftsr oaLsslon of tho las t nootron , and 
boforo f inal do-sxoltatl^i by tho salssleB of Y •riQrSt i t 
i s probablo that a single loir*siiorgy proton v i U be eaitted 
throogh the Coaloril> barrier* 
^•^7 aaercr Spectra of tho oranoreted nartieles t 
I f the klnetle energy (in MsY) of the es l t ted 
the 
partlelos Is taken on the z-axls and/hn^er of partloles on 
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th« 7*«zi8f a euTTtt aaijr b« aibtaln«d by joining th« plotted 
points ot th« «zp«rjUi«Btal data* Tli« ourr* thus obtained Is 
eallod tho onargr fpeetrun* This eurro aXvaors shoirs a poak 
soBoirhoro In tho loir onargj rogion vftllo I t tends to ««ot 
tho x-axls rathor asyvptotloally on tho high onorgj sldo* 
For nultlply ohargod partlolos tho poak Is shlftod aUXiStt^ 
tovtf ds tho hlghor onorgj sldo In eofl9azlson to singly •h«riod 
partlolos whllo tho Rcuribor of partlolos aro QoBsldori^lX 
doeroasod^. At high ozoltatlon «f^glos,tho dlfforoneo In 
tho positions of th« Mazlaa In tho spoetra of singly and 
• l i l t lply ohargod partlolos I s eonsldtraibly rodaood duo to 
furfaoo osolllatlotts and Ineroaso In tho ntioloar radltts* 
2»18 apiiiT i|tlon I 
A naeloar reaction In whloh tho target inaeleas 
I s disintegrated Into sereral pieces by the boiA>ardBent of 
energetic primary beiB Is described as spallation, nno or 
a l l of the following processes MMJ ^O obserrod during 
spallation t 
(a) Kraporatlon of partlolos hecvlor than << -> partlelo* 
0>) FragBOBtatlon; the enlsslon of llgUbmaelel of aass 
ranging ttx» 5 to %0« 
(e) f i s s ion { Splitt ing of hotciy n M l i i Into tvo or «oro 
alMOSt oqpial parts* 
Tho ilieBOBonoB of spoliation boooaos aero 
laportant for high exoitatlon energies. The eross seetion of 
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7 th« y ie ld of Be' from th« bomboardmaiit of Cu by protons , 
iiier«as«« 2o t laes by inercaslng th« Inoidtfit energy from 
330 MeT to 2 QeV^ .^ The esd-tted nuclei mgf be enitted 
either in their groud etatea or excited s ta tes . I t has been 
found/Barbaro-Galtieri et a l . '' that i f the energy of the 
incident primary beaa i s increased gradually f^oa 2 to 27 
6eT, the airerage muiber of high energy spelled products» 
i « e . t charged particles increases while the nturiser of lov 
energy spalled products reaains unchanged* This Can be 
explained by assuaing that aost of the increased incident 
energy i s carried avay by the cascade particles so that the 
excitation energy of the residual neclei reaains pmetlcally 
unchanged* 
It i s to be aentioned that spallation products 
play an iaportant role in the deteraination of the recoi l 
aoaentua of the residual nucleus^ • The average forward eoa-
ponent of B(Mi«itua iaparted to the residual nuclei aay be 
deteraiaedf These residual nuclei are responsible for tUe 
isotropic tfdssion of f ission f^a^ents in their centre»of* 
aass systea^ Then the esperiaental and theoretical relations 
between the exe i tat im energy and aoatfitua are c<Mq>ared. I t 
i s interesting to note that scaetiaos the forward recoi l 
aoaentua turns out to be aegative showing a ba0kwar4 aotioa 
of the struck niielMa* This happeas i a 5 to 13^ where 
the forward aaaa aoaentua of cascade particles i s greater than 
the aoaentua of the incident proton and th«y ref lect the 
internal motion of nudeons ia the target nucleus* I t aostly 
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oeevrs In lighter iiael«l. 
Th« aibOT* faistt the b«hi:vlacur of the 
Iseharie yields end the eherge dlitrlbatlon go to 
•hov elearly that the seehanlnui of aip spallation are 
different for lighter anolel having naes anlber 100 and 
for heavier nuelel of larger naeeee. In the 9m» region 
of Ineldent mergles Fvrfllov et al«^^ » and Bakar and 
Kateoff ^ ^ ^ have deteeted fleelon prodnota fron the 
target mieiel of Ag and Br • At low energies the fission 
prodnets show a peaking In the aass distribution. 
The process of fTagnentatlon vhleh appears 
to be a fission l ike process requires special attention* 
The torn Aragnentatlon has been appUed to soaie violent, 
fast disruption of the target nucleus vhloh leads to the 
production of eoaqplex aggregates of nueleons In apprecia-
ble yield. It differs froM fission In the angular, energy 
and nass distribution of the prodscts. The tvo-step 
•odel irhleh has aSready been stated earlier and Is rspre* 
ssBted here In Fig 2»7 fa l l s to account for the fragaeBta-
tlon yields. 
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2.19 Limitations of gvaporatlon Theory ; 
Th« following faets point out the eas«s 
vher« •vagpoT'atlon theory fa l l s to aeeoont for th« 6bt«rv*d 
situations• 
o 
(A) Th« d«t«otlon of Li tra0ks in naelsar •mlsloir 
gives 
studies/a posltlTs sfvldeno* of fragmentation. At the «id 
8 8 
of the traek^Il deaiQrs Into Be vhleh disintegrates» aaeord-
Ing to the reaction given belov, into tvo c<-partieles flying 
off in directions opposite to each other and almost perpen-
dicular to the track 
^ ^ l^ Be • ^ 
JBC® > 2 oC 
The star shows that i^e i s in an excited s ta te . The tracks 
are called **hamBer tracks** due to their appearance. 
Several workers^''* ^^7-^^t 59% 60-6M. j ^ ^ ^ report-
ed an exc98s compontfit In the high energy region of the 
8 
energy spectrum of light fragments l ike U. • I t i s di f f icult 
to explain th i s on the basis of evaporation theory* 
U8 8 
(B) According to Vakagawa et a l . , the nwriber of Li 
tracks i s proportional to the nujriber of cascade charged 
particles but the saae i s independent ef the naiber of 
g 
evaporated Charged particles* Tims 14. firagmeiits are not 
evaporated but produced during the caecade i^roeees* 
(C) According to Wolfgang et el* ' and Rovlaad et a l . , 
for lover incident enargles in the MeT region the emission 
proibaibility of the f iss ion products and that of the 
5G 
••aporatlon r«iidu«8 titiovu two dlstlngniiihable aiiai:lani in 
th« form of paaks vhez) plotted against nass nuiri3«r. But for 
hlgtasr inoidant «)«rglef in the Me7 raglon tha products show 
alMoat BO Tarlatloo in thalr iiBiaaion probabllitlai foi^  dif fa-
rant aassas. This i s again dl f f leul t to azplain on tha basis 
of tha tvo-stap nodal. 
(D) An inoraasa In tha y ie ld of l ight fragments for mass of 
targets higher thm l8o has been reported by Garatto at a l « ^ t 
Craspo et al and La^ruldiina «t al« ^ vhieh i s onoe more 
not easy to explain on the basis of evaporation theory* 
In the l ight of the aiboTe faots,apart trom the 
tvo-stsp model an additional reaction mechanism i s required 
ft 
to explain the production of Ll tfid similar other nuoloi. This 
additional machanisa may be •Segmentation'* and the following 
explanation mao^  possibly be given to explain i t . 
according to the tvo-step model, the distribution of 
energy in imclear matter consisting of neutrons and protons 
i s assumed to be homog<«2eoua. This may be true for lover incid* 
«nt enrgies. For higher Incident inergies pockets of relat iyely 
large ainount of energy may be formed aooording to the energy 
deposition mechanism* These pockets may Tioleatly disrupt , 
producing fjragm^^ before any eqaipartitioa of energy i s 
•staiblished* This may aceooBt flar the fragmentatloa yie lds 
in the mass range 10 < A < ^>. 
2.20 ReooiUng m c l e i s 
A diseossion of nuclear errapcration without moit-
ioning recoiling nuclei wi l l remain incomplete* Thus a few 
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words about thca v i U not b* out of plaoo. A orud* Idoa of 
th« •n«!rgy of tta« roeoillng nucleus can b« foriwd by tho 
follonlng eonsldtrationa. 
I f a me l ius of aafls muibar A «KLtt a nuclaon 
singly and at randoa with a root<^aaan->sqaar« Talooity Y^ , then 
aioeording to th« lavs of eonsorratloc of linoar Bo«antua > 
tho roooll Toloelty of tho rotldual nueloui of Bass matumr 
v_ 
(A-1) id.ll bo glYon by —=— , Assuvlng that a largo nuibor (A-1) 
of suoh partleios aro oraporatod subaoquontly and randomly 
froM a nucions of original aass nuiiDar A^  and f inally tho mass 
nmibor Ay,9 i^oro A^>/'Ap » tho aoan squaro Tolooity of tho 
rosldttaX Buclotts w i l l bo glTon by tho sum, ^ ^ | - n ^ ^ j which 
i s approxlMatoly oqual to jT • Thus tho Mnorgy of 
tho f inal ly rocoiling nuelous v i U ba i v^ vhleh i s oqual 
to tho a:irorai;« on^rgy of eioissiojo of IndlTldual nicloons and 
i s indopMidont of A^  • Tha abov« approxiaato estimation may bo 
•xtondod to tho oaso of the emission of doutorons or tritons also 
assuming that two or throe nuole^ins are indiiridttally emitted 
rospeoti'Toly* For << • partloles tho fcwir oonstltuont wsLeXmoom 
are assumed to bo om-lttod s^aratoly but oa0h with double the 
energy of a single nueleon* The mrerage onergy of a r«eolllng 
Sttoiel i s estimated to be "-^ 12 MOTf with a root*mesn«sq[Uare 
drvlation of 1*3 times the crorage eneorgy* As a result of 
s t a t i s t i c sa fluotuations, sometlmasthe roeoillng nuelens ma|r 
acquire an energy /^ ^) HOT prodneix^ dense trmsks of length 
^»K> yLA. for Ay' i l l2 . For A^»*0 the probability of the 
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track l«ngth •xo«9dlng a f«w Blorons beeoaos nagHblgly 
• •a l l* 
2.21 gWMit work t 
Th« prds«nt vork i s an att«a(pt to fUrthor tho 
undorstamdlng of znicioar «vaporatlori and i t s ttochanism. For 
th i s purposo vo hanre takon into c<»sld«ratlon 708 v« l l 
doflnod eronts or "start** in aount^d enpjOLsion platos pro-
ducod dus Bk to Intoraetlongof protonsvlth Ag ft Br naelal 
and analysod tho tracks merging front thorn vhleh sat l s iy a woll 
thottght*oat ssloctlon orltorla doscribod in tho n«st chaptor* 
Tho tvo»st«p-Bod«l stiggostfitbat a fow of tho tracks in a 
star are i1u« to naeloon oascads and tho rost ars diw to 
•raporated particlos and fragMonts* An attoapt has been made 
to separate those two types of traokjs* 
Nov takin^c the eraporation tracks alone ve 
hacre tried to classify th«a into separate groups of singly 
and Bttltiply charged particles* Then t h ^ hare betfi separated 
farther into ^otonsf Deuteronsf Tritons i Heliua, heanrier 
fragaents and recoi l miclei . This has been done by deterai-
ning the width of the tracks at their ends which i s a new 
approash to solve the old pral)lea. A hlstogrsB has been 
obtained between arerage width and inii>«r of tracks. The 
^ - t e s t according to the best f i t stattistical aethod has been 
applied for deteraining the eaission peorcentage&of p,d, t 
He and other heavier fragaents and recoi l m c i e l in the 
adaixture. These peroentage&between different types of 
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prodttots hacre b««n (i«t«riBlnttd and ooflq;>ar«d with th« results 
riQ>orti»dl77-otb«r vork«rs of th is f i e ld vhsrever povsibla. 
Th«3r haT« also bsen eonpared vith tha restilts of standard 
thsor i t ica l caloulations* 
For th is purpose ve have taken the standard 
expression for nuBft>er of particles of a particular typsavlth 
energy lying in a definite range« eiritted per MeV in an 
erent. The original expression in terns of energy has beMi 
oonrwrted in terms of t^ange. The nuaiber of particles eaitted 
has then been calculated using IBM-1130 coaputer. More than 
f i f ty graphs hare been drawn con^aring these theoretical 
and experinental ralues obtained frcoi our data* Our est iaat-
ions shov that a change in the values of the parameters, 
namely the potenU.al barrier ijid the nuclear temperature, are 
desirable in order to best f i t with our data in the tfitire 
energy region* This change extends thf« region of agreement to 
a large extent on the lew energy side* 
The fr«<iuen0y of occurjttice of hammer tracks due to 
o 
Li has bew) estimated* Although the auaiber of erents acvsilab* 
l e i s small, yet the result agrees fa ir ly vd.1 vith standard 
-Values* 
The range spe^rom of the evaporated products has 
been draw and peaks have been dstendned* They are found to 
occuro at the position of range eo*«rdinates vhioh are in 
agreement vith the energy Talues of other vorkers. 
The forvard and backward ratios hanre also been 
determined and information has been extracted about the mode 
GO 
tfid dlraotlon of •• l is lon of partlolos. It ha» boon found 
thait tho odflsion Is tllglitly wtjmmmtrlo in tho lat>orator3r 
Ttorthor details about tho sbaw findings folloirs 
in Chi^or IT vith vhieh ono em dror tho satisfaction of 
•oTing at loast ono stop forward in undor^tfiding tho 
proeoss of " Iftioloar Sraporation •* • 
Chapter y has boon ozelnsiTolj devoted to the 
eaission eharaeteristics of low energj blaok traoks. The 
l i s s t i s beharioor of eaissien fVequeneies vith arerage 
auriber of i^laBk •* »"gregr ** and « shower ** traoks along 
with the longitudinal tfid transrerso neaentun of evitted 
portieles hare been detomined. The arerage Toloeitr of the 
OTiporating noeioi has been estinated with the help of 
forward to baekward ratio of the oaLtted products. Finally 
we hare made an attMpt to establish the out off Talue of 
the energy for the eraporation process, in atteapt has also 
been node to separate the traoks produoed by i^^ and Mt 
our results show that the parasieter <C\^ t* the 
•est dependi^le one MMag al l other par«Mters for doteraining 
the yield of different partioles* mr—ww, the aoaenta distri-
butions of different partieles m^ bo r^rosMited by a single 
analytioal ftanotion suggesting that thiy are produoed through 
a similar process. Lastly the slew proteas do pliQr a role in 
the produetion of slow deuterons and tritons. 
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3*1 • mtroduotioa t 
IB tb« •ad of tli« f i rs t otaapt«r v« hacr* • • •a 
that ai*star** la auol«ar «iiBiil8loa Is a r«oord of meloar 
dlslatogratloa. Th« oad of tho socoad ehqptor shows that aiialy-* 
s i s of th i s rscord can r«nrsal laportaat Informatioas abottt ths 
moohanlsa of dlslntsgratloa and ths aaturs of partlclos lanrol* 
Tod la ths proesss* la ths prsssat ehagptar vo doscrlba ths 
•zpsrlnsntal squlpasnt and taehnlqu&of Idaatlfloatioa of ths 
partlolos produolag dlffsrsnt tracks of ths stars . For coaro-
aloaoo of prsssntatlon this chapter has batm dlTldsd Into 
following four ssetlons t 
(I) BxpsrlBsntal squlpaisat 
( II ) 3sarch of ussful sronts 
( H I )Iaforaatloas ohtalnod from tho track 
( I T ) Zdsatlflcatloa of partlelss produolag th« tracks. 
Ths last two ssotloas laeluds sufflolsnt 
thsorstloal hackgrouad aoesssarj for earrylag oat par t l e l s -
Idoatlf lc atloa• 
3«2. ttpsrlasptal laulTOSsat t 
Ws ha:rs taksa ths adrantags of ths JRrotoa 
Sjachrotoa at C M for prodnelag projset l l ss for our sccpsriasat* 
Th« aTsrags BOB«itum of baav protons vasrv>2U-.0 QsY/e. Ths flux 
of tha boa* vas fouad to bo (7.0 *- 0.2) x 1(r protoas par 
squsra osatlaatre- arsa. Flftaen Uford G5 saulsloa p s l l l o l s s 
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of dlBi«iialoii« 20«0 ea z 10«0OBI X 0 . 0 6 on yrmrm used as datectors. 
Th« mmHtlon aiiolsl 8«nr«d the jnirpos* of targots. Tho protons 
•ntorod tho stack la tho piano of tho oflttlsion and parallol 
to tho longth of tho « B a t owilslon f l l n . Aftor tho dorolopmont 
proeoss tho glass platoa voro provldod vlth grids for eonronloneo 
in rooording tho ovwits. Vo haevo soaarohod tho ovonts in tho 
omilsion films by using Carl Zoiss aioroseopo with 10 x objoet* 
iTos and l^x oyo-pioeos* Tho BocuraroBonts oror tho indiTidasl 
tracks havo boon carriod out with tho holp of M U-000 sorios Cook's 
rosoaroh niorosooi^ using 10X« 20X» k^X and 80X obJoctiTos. Tho 
•lorosoopos voro provided with aieroaotor scalos capaSslo of 
•oasuring distaneos along x»7 and z axos. 
3«3» Soarch of POofol Byonts s 
A star i s fomod in tho snulsion at tho plaeo 
whoro a proton of tho primary boav intoraots vith a nuolous of 
tho omlsion. {}BO has to look into tho ontiro TOIUMO of oaulsion 
for finding tho stars . Tho proeoss of soarching tho stars i s 
eallod *seanniBg*. Tho ontiro TOIUBO of tho oaulsion was oxasdJi-
od by tho mot hod of »aroa scanning". During our scanning proeoss 
vo hanro confined our attontion onljr to those oMilsioB plates 
which wore sitaacted in the Middle region of the itack« Thtts 
the inclined tracks could bo followed upto longer distancee 
fr<m one plate to the other and then to the Best with BiniMiB 
chance of ' Idsing their sight at the end of the staiCk. In order 
to hacve rel iable BoasuroBants we haTo selected stars lying in 
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the central region of the volun«of the eouleion film 
leaving a strip of 30/^B thiekneas both at the top and the 
bottoB surface*« To aroid straQr stars and to ensure that the 
selected star i s produced by the interaction of a genuine 
priaary beam proton, the priaary track vas followed in the 
backirard direction upto the eatraziee edge of the eanlsioii 
p e l l i c l e and i t s ionisation vas checked to have a TelAe/^ 215 
grains per wt* As the amentua of the ineident protos was 
l ike ly to change appreciably from the average Talue of 2^«0 
6ey/c vith the angle of inoid«i<ke, ve have selected stars 
having priaaries lying within 2^ of the aean direction of the 
project i le beaa. 
I t has been shown in the f i r s t chapter that a star 
consists of *shower S *grsy * and>blaek* tracks, in order to be 
sure about the nature of a track we oust consider i t in the 
following aanner. 
A singly charged particle traversing the roluae 
of the emlsion under consideration with a velocity which 
l i e s in the estreae re la t i y i s t i c region i . e . close to the 
Telocity of l ight w i l l produce a a1n1iw ionisation. The 
8ttiA>er of grains of s i lver per unit length of the track i s count* 
ed. According to Fowler and BarkinsN this gives a aeasare of 
ainiaoB possible ionisation and i s called g« I t asf 1»e stated 
that this value of ionisation i s attained/a particle having 
to ta l energy ;^ twice the rest aass of the particle* Let ms 
suppose that we ctoserve an ionisation g per unit length along 
the track which i s to be c lass i f ied . The ratio J^ (»8*) i« 
*o 
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Called the specific Ionization of the track. Wa can sort 
out the tracks according to their values of g . 
Wa hanre dataralned g^ by •aasariag grain dansitT-
l*a. counting the nufldser of s i lrar grains per unit length 
of the track for sereral IneldeBt beas proton tracks* The 
average value of g^ vas found to be x^/ 215 P«r • • • Thia Talue 
was observed to undergo a variation r^±7% with the depth of the 
eMilsion film* I t renained fair ly constant in a l l the plates 
ot the eaulslon stacks* 
As given In chapter I tracks for which the specif ic 
ionization g* < 1*5 are taken as "shower" tracks* The nusft>er 
of such tracks in a star i s given by V^  • 
Tracks having 1*5 ^ g ^ 10 are considered at 
"gray" tracks*The muiber of grigr tracks in a star i s given 
v»g. 
The "black" tracks have g > 1o and their nuaber in a 
star i s given by Bj^  * 
The to ta l muiber of grey and b|.aek tracks i s 
written ai 
% " »g • >% • 
Staap U s e ; 
The s i s e of the star i s detunlBed » to a rough 
approzlaation, by the value of l^ • l a additi«n to l^drogea 
the nuclei available for interaotioa in tho eatilsiMi can be 
divided into two broad groups* The nuelel hacving their aasa 
nunbers 7^ m>, for ezai^lOt C« H and O are called l ight snelei* 
on the other hand nuclei having nass niinft>«r'^ ^^ SOf for ezsasploy 
70 
Ag and Br ars called heavy nuclei* Giving different reasons 
Tarious workers of th is f ie ld have suggested alnost the same 
cr i t er ia for the c lass i f icat ion of stars di» to tight and 
heavy nuclei . The n^ies of Harding , Brovnf Lohmann et al« » 
FrledlaBder^, Meyer et al«» Ms Keague 1 Fedotov , 23ideBov 
• t al*^» M* Zafar and Lin are vorth mentioning as S)ib* 
serlbers, users and or i t ie i sers of the cr i ter ia which in i t s 
widely accepted font runs as follows s 
( i ) Stars with Xj^  !^ 7 belong to heavy nuolei* 
( i i ) Stars with 1^ <C 7 belong to l ight nuclei* 
In the present work we have used the above criteria* although 
the second cr i ter ia i*e . 1^ <C 7 «a(y include about hO^ of the 
heavy nuclei . 
\Aiile the scanning was in progress the sane area 
of the MOlsion plate was scanned by different scanners. It was 
found that in case of stars with 1L^7 the scanning efficiency 
was r^ 1005< and for stars with \C7 ^t va» ' ^ 9$i» 
3»^« inforaations ototained tram the track 1 
Since at t i s e s i t besoaes di f f icul t to foUcw a 
track fjroa «ie plate to the other we hacre selected only thos* 
tracks which possessed dip angles l e s s than 20^ la the unproae-
ssed enulsion* This aaglo was measured froa the horisoatal 
plane containing the star in the eaulsioa. 
After s t t selecting a particular track the follow-
ing observations pay be carried out owmr a traak t 
( i ) Dip and Space ingle 
(11) Range 
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( i U ) Ionization 
( I T ) 8eatt«rlag 
( T ) l>«lta raor« 
iy± ) Width. 
These aeasurinenta are dlseussed h^our one b j one* 
In aiddltion to the alhore explained angle of 
dip, the angle hetveen the projeetlon of the track on the 
plane eontainlng the primary and the prlnarr i t s e l f vas alto 
meaiured* Both these angles were thtfi tised to detersd^nof by 
12 
methods of stereographle projections , the angle of esLssion 
of the partlclet giving rise to the particular track, with 
respect to the prlBarjr* By repeated ebserrations these Talues 
vere found to be correct within /^ 1^ » 
3.Jf.2.A» Range t 
The length of a track i s the second obserrable 
quantity which aeasures the range* In eaiilsion work we genera-
l l y talk of "residual range*** The residual range, R, i s defined 
as the arerage distance in the unprocessed euMlsioa which a 
part ic le with a glTtfi Telocity has yet to trarerse before 
eoaing to rest* 
In general the track ot a particle Is not straight, 
howerer, we Can dlTlde i t into n nearly s t r a i ^ t segMents of 
unequal lengths* The projected track lengths of each segaent 
in the plane of the enulsion and perpendiculer to i t are 
Measured^ These lengths are called •projected range • , 
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1, and ' d i p s AZ, respectively. Thui the length of the 
1th segaieat wi l l be glren by j^l^* < A%)^] * . T h e t o t a l 
length of a l l th« n aegaents vhleh neasuree the apparent range 
of the particle %rili then be giren by 
n r 2 ^ i 
" " S T L ^ *<^h.n <3-''> 
Thl8 Taltte of R in proeetsed eaulslon i« used to detemidao 
the oorrooted ^alue of resldaal rang* la uaproeesaed MnXfioB* 
Tearing processing the emlslmi shrinks In a l l directions to 
dlffertmt extents. I f r and r* are the distances betveen any 
tvo points In the efflulsltm before and after processing respeet-
iTely then the shrinkage factor S i s given by 
S » - - ^ <3«2) 
r 
In general for un»icounted pe l l i c l e s the shrinkage takes place 
along a l l the three co-ordinate axes. The shrinkage factors 
along x,y an4 * ax9s are taken to be S^, SL. and S^ respectively* 
I f the projections of the i th segaent on the co-ordinate axes 
are aeasttred as A Xj^  • ^ ^ i ^"^^ ^*±* ^^* corrected range v i l l 
be given by 
In cor Case the pe l l l e l e s \rmf Bcunted mt glass alloiriag 
•cfttifliil Shrinkage only* tli«refore» S ^ T ^ S - ^ ^ I * i l t c the 
projected length 1^ ^ of the treiBk 1M Beasitred la the sy-plaaot 
tfc^ref'^ref 
2 _ 2 2 
1^ * A Xj^  •Ayj^ C3A) 
The range corrected for the shrinkage of the processed eaulsion 
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w i n th«a !>• giY«n by 
R « ^ ( l | + 8 , ^ .AZ.^) * . . . . 0 . 5 ) 
Th« Tala* of 8^ has b««n found to b« < ^ i for our «Bniltloii 
platoft In addition to tho slurinkago of oBRilsioB the followiag 
faotor* aro also rosponsiblo for s l ight ly shortening tho 
sfbsorrod range. Correotions for thea hare been suggested bgr 
the workers of th is f i e ld . 
M Straggling t I t iiaar be regarded as a etwolatiTe effect 
of the following t 
( i ) Sjeotion of secondary eleetrons branching off the Bain 
track upto 2 or 3 nieronsCBohr 1915) • 
<i i ) Naoroseopie eamlsion distortion(Barkas et ally* 
< l i i ) Proportional straggling caused, by personal ^rror of the 
obserrert Bioroscopic distortions due to collapse of ocri t ies 
i » the eBulsion while developing and het%og«^ity of the 
•ediua'*^. 
(iT) 9id straggling caused tty liiaited sensitiirity and f in i te 
grain e lse Tarying froa <CD)>/2 to —y- approziaiately, where 
D i s the standard deviatimi and g i s the grain dens i ty^ • 
( T ) MMientuM straggling oasssed by the fast that the incident 
beasi i s not truly BonovBergetie. 
0>) QraBalarity of the "^Igliffn t At the surface of the 
•BRilsi^n where a particle lesves or enters i t a few grains Bagr 
be wiped off or distui^ed in firoeeesing^ ^ • A qu^stityCl/))) 
<2L -ilnL) Bust be added to the obserred range for each surface 
l e f t or entered by the particle . L and 6 represent the 
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laounarlty and blob density. 
(e) i;iiatniwatal i r o r t Tb« rang* i s ttsuaUjr a«astir«d by 
•blftlBg tb9 f ie ld of iriev oaBsr tlMM. Badklacb and dlsplflvse-
•eat •rrort mgy tbus creep in* The magnitude of auob mmtr i t 
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r^ir aierons i f tbe f i e ld has been ebifted n t laes • 
While a l l the errors deseribed abore beeoae iiqiortalit 
for the Beasument of range of an individual partlole , thigr 
are iasigniflGant in our case because ve have to deal with 
the gross description of the s t a t i s t i c a l picture of the ealtted 
part ic les . 
3.^.2.B, ^ H i t y of Rangf i 
Uhat infomation the above aeasured range can supply 
should noir be explored. He attaok the problsH by finding the 
answer to another question. What oamses the traok to terainate? 
fjbviously the voioeity and hence the kinetic energy of the 
part ic le Reducing the track reduces to sero at the point of 
teminat ion. Thus the particle has suffered a gradual loss 
of energy a l l along i t s path in the eflolsioa. This loss aaQr bo 
attributed to two difforent processes, radiation and eollisiOB • 
Wo v i U take the* up one by one. 
( i ) Radiation Loos i The radiation loss say bo inoarrod duo 
to the folloving tvo effects : 
<a) BtiBsstrahlang effect t When a ohargod particle tratror* 
80S thf* f ie ld of an atMdc nucleus i t i s deflected f^ roa i t s 
orlginfil path. This nsans that aB aoooloratioB i s given to i t 
by the force exerted by the nuclear f i e ld . I f the charge of the 
particle i s z and i t s aass be M and z i s the charge of nucleus^ 
the force on the particle w i l l be K.s.Z and the acceleration 
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glTsn to It will b« ^^ f irh«r« K Is tb« eonstant of 
proportlonalltx .Aseording to th« laws of •lootrodjmaales , 
th« aeeol«rat«d partiol* aast aait radiations whoso onorgjr i s 
proportiotial to tbo sqpiaro of tho aoooloratioii. Tho ptaonoaoaoa 
of tints l)OsiBg oBorcT ^ tho fom of radiations i s knoim as 
brsatstrahlnng* ThsroforOy tho loss of snorgr duo to this 
proooss nagr ho given hy K*( ^ )^ « whoro K* i s aaothor 
proportionality oonstant* Tho snallor tho TOSMO of M • as in 
easo of oloetrons • tbo largor wil l bo tho loss duo to this 
offoet* 
(b) ioronkov offoot t Coronkor in 193^ oibsorrod that i f a 
boa* of fast ehargod partielos noros through a transparent 
•odiiui with a Teiooitj groator than tho Tolocity of light in s 
that aodiiui visiblo radiations aro prodaeod duo to tho longi* 
tudinal polarisation of tho nodiun. Tho phonononon was o^eri-
•ontally stndiod by Collins and Roiling in 193B and Frank and 
Tflpn doTolopod a thoory in agroaaont with tho ezporlnaBtal rosulti 
This i s anothor phoniaionon rosponsiblo for tho loss of onorgy 
of tho noving partiolo* 
SLBOO in our sacporinaBt wo aro oonoomod with 
partielos of ooaptfatiT^ly largor nassos and spoeially proparod 
thin oHalsion fUns^both tho libovo offoets aro insignifieant 
for ottr purposoo* 
( i i ) ^Q -^^ lfIon loos s UhoB a ^argod partielo trarols 
through aanasion i t not only intora«ts with tho anoioi of tho 
osnlsion but also with tho oloetrmis prosont a-round thoso 
mtoioi. Tho affoetod oloetrons take np a f^aeti<» of tho 
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mi9Tgf of the Incldttit particle and conse(|aentl7 Jump to a 
]iigb«r energy- lerel . During eaeh interaotlon or inelastle 
eoUlelon the incident particle l^f eoHe asount of i t s 
•nergj and finally vhen al l i t s energy- i s lost i t nay stop 
in the sHiilslon* The loss of energy inoitrred by the particle 
vas first ealeulated hy Bohr^ ,^ S.J*. Ui l l i t fU^ and r. l l M h ^ 
introduced (fuanttui neehanieel priiMiples in tlis eaJUmlstiMM* 
Finally Liringston and Bethe ' deduced tb« «T«pag« lost of 
energy due to collisions per unit path length in a hoaegsneous 
•ediua as 
dl .lfA-2> I ^ [ . { l o g j ^ ^ 2 ] . C , J MeT/«.,...0-4) 
where 
V, l e a ^args of the insldeat particle 
V » Telocity of the incident particle 
V m wuAmt of atoBS arailaJ^lo in the nediun per e«e. TOIUMO 
Z « atoilc nwrfber of the atons in the nediun 
I * nean ionisation potential of the atoas of the aediua 
• s electron mass 
C^  M correction t§am msod i f T i s of the order of the 
Telocity of the e l ic t^as in the K»shell ef the 
atoas of the aedlaa aad eoraeeds the Telocity of 
electrons in other sfbits* 
The ai>oTe foraula c«n be «ct«Bded for the eHOflioo aediua hgr 
Jus^ suaaiag erer tho difforsBt types of atoas present la i t* 
The final Aroa of the relation v l l l thsa be 
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vli«r« 1 r«pr«s«nts on* partioular typ« of aXom prosent In 
th« Mttlslo^. Th« eorrtetloB t«ni C|^ tak«« ear« of th« 
maU binding ansrgar resulting from nonportioipation of 
tightSy bouBd deotrona and tho donsity of tlio •odltui. 
Btfkaii^ baa giT«n a tablo for tha oorraetion t«m C|^  and 
haa *aeoaa«Bdad tha Talua of iiaaB ioniaaAion potaaitlal at 
331 ^ 6 •? for atattdalrd aMCUioB* Mvidliig I bj X «id taklac 
i t a* tha maan ioaisaction potantial t tlia «ttrraB(t baat 
Talua^ appaara to ba 12 OT for aost alaaaata, azeapt for 
fajdrogan with a Talua of 18 
tfa ara nov in a poaition to anavar tha quaation 
poaad aarliar about tha eauaa of tandLaation of a traok in 
tha amlaioa. Lost of anargjr ia tha obrioua raaaon. Tfaua vo 
msf oonelttda that thara auat ba aoua dafinita rti.ationahip 
batwaan tha ranga and tha laargj of tha partiela. Lot ua 
aaa what typo of relation oan poaaibly aotist batvatfi thMo 
tvo quantitiaa. 
lq[ttatioBO«7) d>OTO shova that tho rata of loaa of 
Is 9 4 
aaargjr/proportioaaX to s and T^ • m f aitt tho onargj' loaa 
depends on yj 98.11 9A \9 
U al«o/to ua**^ , tpia^ **^ ^^ and dvialtj ^•'»* of tho 
oaulaioa. But tho affoet of thoso faotora ic Tory raallf 
thoraforoy vo ean noglaet thaa for our protaot parposoa* 
For tho oaka of aiaplieity va oan vrita aquation 0«7) at 
;:;ir^nr^«5^ -^ . .^fCT) o . s ) 
^cc Nil 
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int^graMiMg th« abor* •quatloa vltli tb« ooasid«ratioii that 
•Bcrgjr S Is a flinotloii of aaft and Tti.oaity v« gat 
R * — ^ F(T) 0 . 9 ) 
If tha tvo partlelaa baTa aqud TaloeitlaA tbcn using 
•<iaatioB(3*9) va oan writ a tha relation batira«B tbair rangas 
Rj «<—li-^) . ( ^ ) R, a»lO) 
Thna i f tha raaga R^  af tba first partiela i s icamm along 
with i t s Mass K| aod obarga M^ va eaa find an azprassion for 
R^ in tarns of M^  and Sg • 
Stat ion O»l0) nogr ba axprassod in an altarnativa 
* 2 * <"Tf"> '^"^^^^ *1 ^'^^^ 
Conrsntisnally proton i s takan as tho first particla and 
i t s ranga*«aarg3r relation i s takan as a standard for ooaqputing 
tba ranga-anargy relations for athar partielas. 
If &f « S2 and tba first partiola i s proton va 
gat froa (3*11) 
R^a^— • Ry •••0*12) 
In aldition to abora a relation batvaan rangs and 
•ass for singly «bargad partiolas can also ba sbtainad trmm 
•^«kion 0*10) as 
R « ^ * R^  0 .13) 
Tho aiboya ralations dan ba axtandad to partielas of anltipla 
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eh«rg* ultb a acLaor oarrvetioa, i f n«c«8sar7« Th« •(luatloa 
(3*10) » for •zaapl*! tak^s th« form 
»2 « ^ C«g > • »1 -B« 0-1»») 
^ z 
Tta« Talua of B^ for a partlelo of ebargo/lt ostlaatod Isy 
Barka»^3 to bo Laxio"^. !^ ea. 
Tho aiboTo tboor^tioal baclcground haf for»«d ttao 
baols for eoapatlng a working ooplrleal rango-oaargjr rolatioa* 
Manor «xporla«iital aoasaraneiita of tbo ranges of art lfteial27 
aoooloratod partlelos of known Mats and iMaantim bavo boon 
aada la tbo offort to rolato rango and tfiorgy Toy •artous 
workar3^37 
in tho f iold of oMaHon^ I t bas boon oott}}llsbod 
by IPowoU ^ that for siagSy ebargod partleloo in tho onorgy 
rango of 10*300 NoTf a sl^plo powor law la foUwod whlob Is 
glron by 
X « K E " , G.15) 
lAoro K and a aro o^istants. I t I s to bo aotod that tho 
Taluos of K aro dlffsront for dlfforont part le los . 
Froat tho o^orlaoBts of Bardaor ot al*^^t Botblat^^ 
n d Catala and Olbssci^ thtf TaiwM of K tnd n for protoa 
haTO boon oalmlatod by fsf ot al^^. tmd tho o««gtloa(3.19) 
I s wrlttoB as 
i « <o.2«i 1 0.005) m^®-^^ * ^ ' ^ 3 > Q^^^j 
B is oiprossod la Ms¥ aad R Is glroa la •IATOBS* 
BiporiasBtally tbo wldost onorgy latonral has 
booB eerarod by Barkas ot aX.^*^ oador soot oarofBlly 
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ooatrollod eondltlont. Bit r«s\ilts are taken to be 
standard in Ugh aa well as lov energy regions. For protons 
energies 
hacvliig/lsss than 1 Me7 lis r«eom«Rds a slightly different 
relation 
H m 0.0006 • 0.001381^^^ e«. G.17) 
Thus v« aooelude that ths seasnreaent of the range of a 
partiele esn glTo «• an ostisate of i t s energy* 
The hlaok dots iihioh correspond to the dereloped 
grains of silTer ewistitiste the third olhserrilile quantity QT«r 
the tr«ik* Ho eaa eoiiBt thi^r nmriber* This notoer wil l depend 
9m tho ionisatioB yrodttoed ^ the pertlole rospossible for 
the fomation of a partieular traok* in fa«t tho «iergar of the 
partiole i s also spent in prodnoing oBohseanrflS^ le ionisations 
in gelatin. Zt i s also nsed in anoounters vith silTor halide 
greins in whioh the energy transfer i s greater than ^^10 oT. 
Theso esn-not be developed and hence the onergy involved 
heeoaes ttBtraoe«3>le« Turther* all the ionised grains of 
k 
•nergy transfer less than ^^10 oT e«i>not be turned into 
visible dots dae to natural lag in the proooss of dov^opasBt* 
OnSy a part of the enorgy of the partiele is» tl»ref^Ot 
rMp«nsiblo for the fomation of the tr^k. For a l l 9Pi0tidi4 
psffposos wo osiit howovoTt sttppose thatt tho am^or of dovtflopod 
gr«Uis POT ttfdt iMgth of a tr«Bk Is proportional to tho rifto 
of onorgy loss . ITsiBg equation <3*3) 
• 8^ f (v) 
is 
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v« Can saQT that th« coiintlng of the8« grains mast give 
us lnf«r«atloB fl3>oat th« ebarg« and Talooltj of tli« part i -
e l * • Tbar* ar« at laast four ••tbods to •xtraot th«s« 
iafomatioiw from tha ioaiaation along a trvsk. Wa ean 
Aataraina aagr one of tba foUoiriBg qttaatitiaat 
( i ) Srain dansity 
( U ) Blaib dansitjr 
( i i i ) Blob and gap d«isity 
(iT) Intagral gap langtb pmr unit traok langtb 
Tba f i r s t thraa aatbods MW* uaad in oar axparintfits and a 
briaf daaoription of tbaa i s givaa b«tra* 
d ) firkin danaity i Tba grain dansity gtr— raliaibla 
iaforaation about tba iwiiaation prodaoad in tba aHUlaion* 
I t s TalttOf bovavart dipinds on tba daptb of tba traok in tba 
a«tlsiaB diia to diffarant dagraes of davalopaant at diffar-
ant daptbs* Tba aomalisad grain dansity g « g/g^ i s , 
tbarafora^usad instaad of g» wbara g^ ia tba grain dansity 
at tba sama daptb of tba ManlsioBt of a alui ly ebargad 
partiela aoviag nitb r a l a t i t i s t i e Toloeity. 
Oti.) Bl<<^  dansity t T ^ grain dsasity ineraaflos witb tba 
doeraaso ia tba T«loelty of tba partiela far . lev Taloeitlae* -
At saff ieiantly law Taloeitias tbe grains are dereleped 
•aary elosa to aaeb etber so nra^ so tbai a fev of tbea baeaBo 
varesolTible aiMl Joia togetbar to fom a laap. Tbls Imp i s 
kneim as a fblaib *• We oaa eoant tba naaibar ef tbasa blebs 
par unit Itfigtb of a traek. This mi^ar i s knovn as*^lab \ 
density"* B. Witb tba balp of tbe aapirioal ralatien giTaa 
"by Fowl«p and Psrkiii* 
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1 
B « I ••^« . 0 . 1 8 ) 
tli« rtlvf of g oaB b« ealoulat«d and g ean b« <l«tamla«d • 
^ i t taken to b« a eonstant dapandlng on tho d«Y«lopod 
grain siso» tho optleal rosoltition of tho Hleroioopo and tho 
eoBfTontlon uiod hy tho ohaorror* I t s Taluo nomalJy l loo 
hotvoon 0*6 and 0«7/4.n for O^'-tnuloion* Wo hanro e^taiaod tho 
Taluos of <^  to ho 0«6^^a and h«ro wood thla Taltfo. Tho 
hlob donslty nothod la roUabXo in tho roglon vhoro gec < 0»35« 
Tho a ta t l s t loa l «rror In tho Talaoo of g ealoul&tod by th i s aothod 
i s of tho ordor of " _ , vhoro 1^ lo tho auaaior of bXoibo 
eouBtod In a gl-voB longth of tho traek* 
( H I ) Blqa> and gaiy donolty t Thli aothod la uaod vhon goc 
boOQKoa gro«tor thsn 0»35* Tho apaoo botvoon tvo adjaoont 
blQiba Is oallod a gap. In thla nothod vo soloet a longth, 1 , 
and eount tho n^abor of gaps, H» greator than 1 In a eortaln 
longth of tho traiek. Tho mwbor of blobs, B, vhleh la In 
fact tho mtribor of gaps vlth 1 s 0, Is aI.so eoantod in tho 
8a»o l«igth* Tho Talno of 1 I s soloetod In saoh a nannor that 
B^^H-B* ibsoordlng to 0*Coallalgh , vo oan vr l to 
H»Bo*«^ ..••• 0.19) 
Thla oqnatloa vaa uaod by Fovlor and AirkiBa' «o ibtalB tho 
TalMO of g. If I | md E| aro tho SMtoar of gqps 8r««tor than 
loBgthsl| and 1^ »oapootlT«lar than 
and ttj « B o ' ^ S 
1 lo. (JL,^ ^^ 
Thtt« C « 1 1 L '^ •^  Hg ' G.20) 
Thm s tc t l t t l ea l error in th« d«t«ndJiation of g Is of tho 
ordor of J Xog^(-^—) • l#t haro ozaalaod tho Tarlatlmi 
In tho TalttO of g^^ eoianting sib loast 2000 bXofb« on ]irln«r7 
traAks sltmatod in d i f f e r ^ plactos at dlfforont d«tihs« 
Owmr oaol) inatt-TldiiaX traok wo htcf oountod aoro than VOO 
grains* Tho error in tho Taluo of g i s ostiiiatod to bo ^ 8^ • 
Lot «s nov satanino tho ut i l i ty of tbo qnantitx g* 
¥hioli vo haro dotorminod by using any ono of tbo a^ OTO notbod»* 
ioeording to o<iaation O*®) 
vo baTo alroa^r soon in tbo bogiming of tbo disenssien on 
i«aisation tbat g* oL jg ' • Vo eani tboroforo« vrito 
g*oC 1* f (T) 
If tvo partielos 1 and 2 banro t^aX Toloeitios wo baro 
-»t«J!L • 0.21) 
•l If 
Siailaray, f^ roa Ofuaition 0«9) for tvo partieios 1 and 2 of 
oq[iial TOloeitiot vo bavo 
^ 
^^^ » S ^  ......a.aa) 
eoi^iniag ovaaftiont(3*21) sad (3«22) vo got 
84 
Fowl«r and Psrklnf hav« drsMn a eurre for proton b«tv«en 
th« rang* R and tpMlfie lonlsatlen g • Uiing this ourr* sad 
th* •qiiatloas(3«21), (3*22) and 0*23) v« h«T« dr«ai s lal lar 
R»g* muTM for other partleloa as •hanm in Fig. 3*1 • Tlio«o 
•vrrot aro rmtj ufofttl In dotandning tho Idantltlos of tho 
partloios la tvo difforint vaora. In oasos vlitro tlio trttSlct 
of tho partleloo tomlaat* in tho oaalolon and tho opoolflo 
« constant 
lOBlsatloB g roaaino fairly/^or a oogaont in tho hoglwHing 
of tho traisk both tho qaaatltloo R and g Qw» ho aomorot^ ZX 
dotondJiod. yf eain» thoroforot Idontlfy tho partlelo just hy 
finding on vhleh ourr* of Tig* 3*1 tho Talao of R and g llo« 
IB eaffoo whoro tho partieloo do not stop in tho oMOsion md 
g Tarlos ri^idlx along tho traok longth noithor R ean ha 
•aasurod nor g v l l l ho singlo Taluad* Va oan then find Taluos 
of g* at tvo difforont pXaeos and find tho Tariation ^g • If 
tho longth of tho traok em^rosponding to thoso two Taluos of 
g i s AR vo oan «so tho two (laantitios AR and Ag instoad 
of R and g • TTsing tho sano ourvos wo ean identify tho 
partielos in a sinilar Banner. 
IB tho next soetlwi dealing with soattering wo 
shall see aBOther wior la whloh g* helps us to idontifjr « PaTtlelo* 
Tho atoae present la al l Baterial Bodlat iBemdiBg 
—I1BIOB> Breato eleetrie f l^ds round th«B« A barged partlelo 
passiag through a BodftuB has to trcre^o these f ields. These 
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of th« Boving partiol« •Tsry naw/th«n in a randan manner. 
This phsnoaenon I t known as'*8Catt«rlng". Th« scattering may 
b« of tvo types. In general small ehanges In the dlrestlen of 
motion are obserred due to the interaetlon with the atomle 
f i e l d s . These are called "small angle anl t lp le Coulorib scatter* 
Ing." In a fev oases the morlng part ic le col l ides Yloleatiy 
wlth one of the atoms coming along I t s path. The dlrectlOB of 
motion then ahna^tly changes to a large eztwit. These oasss 
come under "large-angle scattering*. The magmltmde of the 
scattering depands on the charge» Telocity and mass of the 
part ic le passing through a glyen medium. The change In the 
direction at a l l the IndlTldnal points of the track can not be 
measured. We cant boverert detsrmlBe the direction of the track 
at points situated at definite distances with the help of a 
microscope. This glTOS an Idea of the ciunilatlTe effect of 
both the types of scatterings. The scattering I s , thereforOf 
a fourth measuraa^le <ittantlty vhlch can provide us Information 
aSOout the nature and Identify of the part ic le . Relations 
connecting the scattering and the charge, Tdoelty and mass 
of the particle hare been derived and used successfully by 
various woxlEers^*^ of th i s f i e ld . In order to arrive at 
a vorklng relation ve give b^cw a brief development of the 
theory of seaitteriag. 
StfbematieaUsr we ctfi rsplaee the moving part ic le ^ 
a small d i sc , and we can assume that the psrt ie le i s scattered 
i n tfqr dlrecticm as seem as th i s diss iBterseis with tfi etemie 
BHCleus of the medium. The larger the disOf the grester the 
p r c b d i l l i ^ of i t s lBteractl«i . Ve csa adjust the e l se of th i s 
8G 
dlao to b« sttoh that tb« proibaaftllltar of th« diss liit«ra0tiiig 
idLtli A aMlsM 1i«ttQR«« •qpul to th« proto^llitj of tho parti* 
• ! • biiag Mastered* Tho «r*« of t v ^ « dlM i s oallod tli« 
wow soctloiit ^ • Q^^  MaEttofiat* If «M i s iattrostod in 
tlio pf^i^ilitar of tbo parti«l« b«iag M«tt«r«a ia a parti-
«a«r 4ir«ttioa Mijrt sir t^ « «iSl« ^ vltli tko ttroetlon 
«f Mtioa tli«B tlio tatmm «f ttio i iM vUl bo oiOIoA tiM 4ifforo» 
BtiiO. oroio oootlQat 6~ (<S} , for oocttoviBg* Tho f i u i l o for 
tlio AifforoBtial oosttoriBg orot oootion tw tmtHl mmnlm 
i s vrlttoB ao^ 
c - / ©) • 1^ j S , , ooooo**(-3r) ••*/ ot^ PatfLiii, 0.a^) 
~ >» p * » ^ « * 
iflMro 
Be « «iiaapf o of tlio partiolOf 
ze « ohargo of tlio wmlim, 
o • Ohaorgo of tbo oloetroQ^ 
p m MSOBtVB Of tlM partiOlO« 
o • TOlooitgr of ligMf 
T • iNiloQitjr of tbo partioiot 
At r^a i f io t io foigioo muOX oovrootloM far opla^ 
It io fon4 tbot for largo ongXo ooatfktortag tbo 
«Lotnbttti«i io 'HKW olooo to tba» gtrvi W mtuMmG.'2h) 
wbiib io oallod lMlborfor4 fOi—!>• Tor Mali ««lo aoiAtoriag 
tbo proJb^iUtr ^ ooattorlBg io largo aad i t stoigly 
m tbo «glo iaoro«too«r BHMII a dlatrlbiitioa io oallod aonMl 
For a 
or • • • • OoMOitfi diotribttUon«/0«uoia« distribotioa tbo 
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•alu« <<^>of svrcral oba«rT«d sea;fct«r|Jig tfiglM )^ 
has b««i glT«a by UUllaiu^'' as 
n r 0^ ^ • 1 * zt* 
L • r a i n J i» f» " 
vlisrs V « M, of «totfets 9«r o.o* of ths asdjUoi 
^uta * ^ ^ largtttsoi^tcrlng a»gl« ebssrrsd 
0 ,^^ s tha SBallast seatterlBg «0gla ^sarrad 
t « dlataaco traTarsad by tha partlela la aloraiis* 
3(]Ua:tloaO«25) oan ba sianad up for aattlsion aadliui as 
<5i>.|:2v'[«ii-,<-^)]* Pre "•'*' 
assuaiiig that 1^ and Zj^  eorraspoiid to tba 1th typa of atoas 
prastfit l a tha aanlsioa< !• 
I f va put nt * 
K-^ 2V^ [I5L log. (-p^] (3.27) 
thoa aqttatioD 0*26) v l U ba raduood to tha fom 
<^> - «• -rf"« ^•^> 
K i s oallod tho soKttcrlag Mosttfit* 
Zf va go on •aamriag tho aaglos of dofloetloa 
at rog«lar i«t«npa(lt of disttfUiOt t» aloog tha tr«8k laagth 
thoa tho dlstaM«» t» Is oalXoi tho osoix-loagth*** MilXo 
fladiag tha Talaos of ssooad dlffaroaoos ,D« ia oomaetioa 
with tho astlamtioa of tha aagloo of d«fIaelloa» «t tiaos vo 
ooaa eisrosa vlth iadlTiteal daflaotloas oorraspoadlag to 
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TalUM greater than kDf where T> Is the aean Talue of the 
seeoad dlff«reiie«a. la order to avoid the fluetuatloae 
asfloeiated with oeoaslonal large defleotlon due to alagle 
soatterlng either all ebserratloiw greater than HD ara 
totallx exaluded or^ tbeor are replased Irjr ^ Itself . This 
proaess Is repeated seraral tlaes t i l l the error Is alnlalsed* 
This Is knowa as "eu^eff« prooedare* The letter method Is 
hetter heeaiisa It retains sore of the orlglaal laforaatloa 
about the trask. 
The Talue of the seatterlag oensttfitf K» depends 
on the Toloeltj af the partlelOf the eell-l«igth ased aad 
the **««t»off*( proaedare eaployed* 
The eail-leagth aigr raage from 25 sleroas to 1 ea* 
Bat It Is eonreBlent to transfora m observed valae of < 0 > , 
to the eopilvalaat value for a standard otia - size of 100 
alerons* This Talue of < ^ > l s known as o( and can be given In 
degrees as 
^ • p » * < nrfer)" 0*29) ITS ^ "TOT^  
The value af pBe Is tak« la lieT« 
This valfte af ^ Is a s tat ls t lsal aaiiblaatloa of suooasslva 
slagle events and gives a prebAUlstle dlstrlbatloa fUotloa 
•f the angalar Aeflatlens« Zn mr eapeflnent the eeU-l^gth 
has beaa taken se 100 nleroas« Tke YaSae ef C has been detem-
laed tr^m the earres laeed en Mellera * s ^ theory given br 
Powell^^ • It has bean found te be 2€*7 IHT-degree, dedaetlag 
0.8 unit as eerreetlea f^ the cat-eff prooedare* 
There are tve aethods to detemlaethe TSlae of o< 
experlaeBtally. fbm f irst aethod Is called the aagular aethod. 
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Xt v«« M8tMt«4 Igr Qdim^imdM'Clmrmomt^^* la this B«th9d 
tlM iMgl«i tit sttMMWiv* UUkmew^dM «f «€Ll«l«Btili» t« liloag 
tlM t»«4«oi<W3r of tt« »«rtlA« •»• ••«ittr«d vitto r«f«r«i8« 
to m ii^ v<«i dir«etl«u Tli« diff«Mne«« of tiiMo cMetstlv* 
M8l«« giV« tlM iBiilpiAial d«Vi«ti0M« TlM«# 4«Vi«(tlQM iOPO 
tiMB iM«d to oalMaato ^ • Tli« •••aoA agUiod ia ««U.«A 
tlM •ooftfin«t« MftboA iiVM Igr VmAmr^ • In tbis M%1M4 tM 
tr«Bii i s ^llga«A M alMiily • • pMWiblo iflth tM dXtmMMk «f 
tli« stag* driT«« lisr AX^MNC ^ « «««iii« • 71i« disi^t0«9tBt« jr^  
of tlw ttmh ittm m tfbltr«rr strsi^it rmfwmm^ tkam 
pmt^kXA to tlw x»«cis «r« •••mnrsd «t MMSMWiiro •«l«at«d 
Uttmn^SLM M^ ^ • • • • • of tlio tfUroMopo* Tho dUtaiioo 
(x^^ * " i ) i^ *^** ^^* •«ll*linctb» ty • Tlio flMt ^Attmtmmmt 
(sr^ l^ • sr )^ «Po proportiqaal to tlio 0l«»oo of tlio l^ordlo «ib» 
towlim mooo—iiro o«lIOt md t%m sooond diffor«BOo« 
l>OtVOMI 
gtiiro tlM dirootiOB okanso/oaooooolvo tfMVdo* Tho Kvtrago 
dtvloM o^M ftMB Mio oalootod s t r i i i ^ voforwoo UBO pw o^ii 
v U l tlMB l»o glTM Iqr 
* * i : 4 - ^ k i i a r ^ M ^<y±\ 0.30) 
9kU TidM «f 9 io tlMB ttcoi %• •alMiido ^ wltH tbo li«l» 
fhU Tasno of oc (inrfSf Miaa to tko ooU l«ailii %• TIM volso • f c<f 011 oorroopowliBi to tlio o«(U Isattli of 100 wlnrmm tm h% 
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oalculated by 
•law tvo dlfCiir«iit typo •f traekt aaor b« atrailaOil^  for 
S9att«irliif ••a8iini«Btg t 
(a) BLfh nargar traoks 
(b) &9V Bnargy tra0kt 
and 
mat h«r« baan eauaad by a paFtlfila of bigh inargy/larga 
•aloelty • la snob eaaaa va ean aaaiaa that tba Taljaa of tba 
aaeond diffartneaa T> and hanea tba Talooity of tba partlela 
la fairly oonatant oror tba eonaldarad traok langtb* Tba 
Talnoa of j ^ oaa tbaa ba abaarrad at ragula* aqital intanrala 
of otHX laegtby t» and tba Talua of ^ la daterBlBad. Tbla 
•atbod la ealXad MoBataat eall satbod «• Tba Talua of ^^ 
dotaminad by tbla aatbod, bovararf auffara firoa oartaln 
arrora vbleb ara eallad *Bolaa * • Tbay ara brlafly aantlonad 
balov. 
(1) Hfi^^n y^^^t > 2^ ^* iatrodaoad vbon tba oantraa of tba 
dovtlopad gralaa do not osaotly ooiaoldo vltb tba .patb of tbo 
partlola dao to affywMitrloA doralopsMrt* 
<^) ataao Boiao t I f tbo aotlon of tbo ataga of tbo aloro-
ao<9o la Mt tnily rootlliBo«r» atago atlaa la latrodiiood la 
tbo ofeaorr atlaMi« 
(111) MatagtlOB i^aa t ma to aboar vMlo tbo plataa ara 
boittg prooooaad tbo •i i laloa goto dlatortod «id ovan atraigbt 
patba of partlolaa maj ippaar ourrod. Tf tbo offoot la oonflBad 
to a asall paortloB of tbo oaiilil— It la oalla^^ noeal dlator* 
tlOB "• If tbo vbolo of tbo aMlaloB plata la affaetod It la 
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call«d ••gross distort ion". 
<!•) S ] ^ l g m scattering noise t Biswas et al.^^ hatve shown 
that t h ^ « ar« m a l l local dlfl«oatioiis of graias in th« 
•wil»i9R« Tfcas* ara introduoad during tha prooassiag of tha 
—will Oil* 
i l l tha ii>«Ta •rrors aifre alnlxisad and avaB 
•l iainatad hf 
<i) selecting only f lat or small dip-angla traeks f«r M a t t -
aring ttaasur«iiant^ 
( i i ) subtracting the flibserred algebraic maaB of the oeoond 
differences, D, frov eash Individual Talue of D and than 
finding oc tTum those oorreoted Talua of i>» 
< l i i ) oaloulating <^  ttcm two seeand dif ferenoos jy^ and Vt^ 
eerroopoiidinf to two different cell'>l«i?th8 t^ and tg respaet-
ivoly ualag the rolsttioa 
M[l5^<-4^>".1>;^}/{t^«4fr.t^] 0.33) 
7^ 
vhoro e^  i s in dogroe p ^ 100 / ^ e o l l sisot the Talue of 
n has been dotaraiaod to bo •25 and 
(iT) roduoiBf the t w a r a t u r o at the time of doTolopaent. 
Whilo dotoiodning tho TaSno of ^ vo haTO mood 
the veeond diff«r«Boos of at loast 75 cboorTatioBfl for oodtt-
orlng. Tho otsetiotioal orrov owoolatod with m obsonrafcioM la 
giT«i bjr ' ? fi «proxiaato3x* Thio In oar oaoo ooaoo out to 
be /-V-' 9J^  . 
lo t Its BOW see hov we oas use th is Taltto of oT 
92 
for finding th« identity of a particl«» Squation G• 29) 
9hmr9 tbat o<^  ig a fuaotion of th« T«loolt3r, T» of th« 
partiel«» Tims v« oaa vrlto 
5 . — i — tit) 0.3»f) 
M 
I f tlMrt air* tvo partiolM vh9«« eorr««poiidliig qaantltl** 
•r« r«pr«a«iit«d by itifflz** 1 and 2 r«ap«otiT«]7t ttdng 
•qinatlon G*3^) v* Otfi vrlta 
- ^ « f (T- ) and 1 - ^ m f (Tg) . 
If tli« partlelM liaT« aqaal TalooitlM !••• T^ «T2 V« gift 
o<, 1C| ^i**? 





Tlila aquation eap ba uaad to drav eurvaa batvaan oC and 
g* for aBQT partlola If ona aueh ourra la crallfl^la for a 
partiala of knoim aaaa and oharga* Tha murm wbiali va hara 
abtaUiad using tha tabla for proton glyan bgr Barkas '^ art 
abavn In Flg*3.2 • Tbua vlian oC and g* ara datamlnad t«t a 
tr«9k, tlio Idantlfieation of tha partlelo ranalna only a aattar 
• f liaolilng act thaoa eurras* 
(b) Um^WMrgf TriTlf * Thasa traeks ara oausad by lov-^ anargjr 
pavtiaiaa* Thaaa partielas at(9 ia aaolalaa and thus ona oatt 
fallov than upto tha and of tha track, i f va fdllov eonsttfit 








































T> ohangas raqpldly vlth rtsldual rang«.Thus th« eonttant 
o«ll method which Is based on tho assuiqption that D remains 
constant Is not applicable for these tracks* Blsvan et al. ( 
Beltebekh et al,^^ and Idlvorth et al.^^ almost miMaaXtSiMaBlij 
d«Teloped a method In vhleh the tlze of the cel l Is eontlmovslsr 
Tarled In order that the probable Talue of I> remalm eongttfit* 
The method Is oalled Constant segltta method". The Mhene •t 
•arlatloB in the eoll-eisos oon be obtained la the foUVMiag 
manner* 
We oan start f^on the range energjr e^aation given 
by Dilvorth et al.^* 
1 . 0,251 z'**'*^ ^'^^ R ®'^^ (3.37) 
ooiriftiniBg this vlth the equation (3*29) and using the non-
reXiitiTistie approadLmatlon of p ^ « 2S» ve got 
i « 0.i9n ar®'^^ ,r '^A2 jj .0.58 ^3/2 ^3^33j 
Thus i f t Tarles la sueh a aanner that 
t 3 / 2 ^ aO,58 2 0,16 ^0.»f2 ^^39j 
i s tatitf ied, the Talue of J> wi l l remain constant. We oaii» 
therefore) eonstruot a cell-silMBO for a partiele of giren 
mass and oharge sueh that the value of X> i^mii^s ooBstaBt adt 
a partieular • TalMOt siQr 1#d /^ ear 0*5/^o¥«r tbe eatlr* tra0k« 
Tho sises of the seotfossiTo oollt iriU «ome out to be ia 
iB«ro«ilng order* Saoh ael l sohvies for protons aad ^ <«•••«» 
haero boon giroa bj F«r et al»^^ tmt f> m t«e ^ and S m O«5/A. 
W^  here oallberacted thMo e«ill«aiao s«h«iea bgr taUag ene 
teadrtd ve i l identified proton trattks and ]i«ro foand the Talaoa 
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of D to b« 1,07 - •02^ and 0«56 - .01^ Instead of ^,0 ^ 
and 0.5 ^ r«8p<iotiT«3y. T7»lng these experiBentally deter-
•Ined Talttes ef I> th« ma»» of tlie partiolo has been deter-
•iBOd by taJdng at least ko oells and VLtOLng the tqiaatlon 
H_ ;; 2*276 - o. jai 2.221 
ifhero @ Is the dlp-aagls of the traok and H ,^ I>^ y ^ aro 
the eorrespoBdlng qiaantities for the unloioim partlele* 
Tho protoB soh«ie vlth D « 0*5 ^ vas agpplled la 
oaso of rolatlTely shorter traoks so as to keop the noiriber 
of oei:^ liito tho order of Wo* Boworort i t Sflor be atfitloaed 
horo that tho rosvlt of IdeatifloatloB of the partlele 
rsaaiiis indspendent of the ooll-siso stthoae asod for the 
purposo* 
The traoks soleoted for KoasiireMents had a ssall 
•alMO of 9 and seo 9 c^ 1. Wo can» thoreforo, vrlto 
2.276 . 0.381 M- 5 2.276 - OM) 
Tarioas noise Aree eoiibiaatioiis of seeond and third differeneos 
giTiB \fy^ Barkas^ '^  mtsr bo lisod to etotaiii aare ooxroot results* 
Tho aass of the partiolo otfi be ealevlated froa 
tho aoasarod valao of D usiag relation 0*^1) provided tho 
•hsrgo of the partiolo i s kaswa. For the detearaiactioB of 
tho ^srgo of tho partiolo tho aothod of ^ -rigr ooaatiBg 
disoassod in tho saoeoodiai soetioa i s used. 
3*^5* Poita mfrs t 
I0ISB a ehargod partiolo peiietrates tho oaolsion 
aodiaa i t iatoraots with tho atoaio elootrons ia addition 
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to th« nuelol of ooalglon. iPart of tho klnotio energy of 
th« part5.elo Is transferrod to an oloctron In eaeta such 
interaction t i l l ?CL1 it« kinetic energy i s loet . If the 
interaoting eleetroa reecire en aBount of kinetie energy 
vbioh i s roughly greater than 2 KeT in sooh an «sooanter, i t 
•ay f«r« an obserrafele trafik branching oat of the trajectory 
of the priMsry partlele* These mal l projected electron tracks 
are called Melts r^s *• It hei been shown by Boss l^ and 
Toyodie ^ thitfc the aniiber of coUlsiciif n « between the 
charged particle and coe of the electreas in which siii aBouat 
of energy greater than a lalniMW ^^^**\iin * ^^ ^ ^*^^ ^ ^^ 
a saslMan T3l«et 8^ ,^ ^^  , i s lost by the particle i s epproziaately 
giTMi by . ^ 
n m JisZLjL (— . ) X 10"^ colll«i«n/lOO/i 
^ 0 A 2 ) 
where s ie the particle charge and p c Is the particle 
••locity* Taking m% as the mass of the electron i t can be 
showB^ that ftf the mass of the incident particle i s too large 
i s conpariscB to «^ , 2 
• . ^^l O.V3) 
I f we select ly,^ sufih that i t i s Jmst sufficient to iap«rt 
eaoogh energy to an deetrca for prodaolng a S^ * raor thtfi a 
of e^atienO'Va) aay^ .^ be taken es the an*er ef ^-Vigrs per 100 
•ier«ns. iMaelly the »B*«r of S^ *raQrs, n^ « in one eentiactre 
Is taken as a standard end i s vadlsd tlis sa ^-riQr density, l^satici 
OAa) tiiews then n r Ttfles iarevssiSy as the Sfa«re nf the 
TslMlty «ad directly as the sfsars ef the Ohsrgc of the partlele* 
Cenntiag the anAeor ef ^-r^'tt therefer^ cfver 
a certaia tra0k length niQr give scne iafomiAioB i^cat 
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eharg« and T«loclt7 of th9 partlclo. Thus ^ -rajs aro th* 
fifth obserrahl* quantity ov«r a track vhleh i s of lnt«r«8t 
for us. With th% h«lp of o<2iiatioaG*^2) wo oan vrlto 
n^  « K, z^ f(p) O.Mf) 
wlsoro f dp) It a fOMtlon of tlio Tolooltr of tho yartlelo 
«Bd K is tho ooBStant of proportionality. If tho ^ •raor 
doBoitj for a fingly ohargod partielo io takon as 1) vo e«ii 
also writs 
))• K f ( f ) oMy 
for tho saao Toloeity intorral. Coflyaring oquatioasO*^) 
and 0*^5) wo got 
ng • z * i' (3*^) 
I f a diffsroatial sogasnt of a track has a Iwgth A , than 
tho total aaNbor of dolta riQrs on tho traok botwoon tho 
poitt vhoro tho partielo Toloeity i s ^ e and tho point 
vhsro i t e^iss to root i s 
Ig « ( a^  « . . . .O .V7) 
Bqaation(3«lO) to l l s «s that 
Talcing Rg ** ^ '^^ ^ ^ partiolo widor ofhsorrstioa 
snd m^  as d A for s singly ohacrgod ptftiolOf siQr porotoa for 
^ h i ^ z, « 1, tfid ^ « X, mm* Mf%k9 partiolo in t o n s 
of proton Bass and ^ z. as tho aoill s^aro offoetivo 
ebsrgo fior onoriy loss vo oan vrito 
« • - f ^ *^ , G.»^ ) 
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vher« dR a»d dX both correspond to the sas* Telocity 
Intorral. Also using equation(3.^) i f z i s the asan 
•qitai^ efretttlT* ebargs for prodaetioa of delta ragrs we 
«an vrite 
a^ « 1**^ ^ (3A9) 
Xn general, i* end i** vilX »«t be exaBtly eq^al and 
pvtting tbe Tsljitee ef dR and B^ tt9m eqttatieasO*^} aad 
a*H9) ia naatieaO.i^?) ve g«t 
• • 2 s 
ie ^4 ' Is sttffleieatly near unity the ahove e la t ion 
s 
redaees to the fors . 
OP, I j - » « A ( X ) (3.50) 
.A 
uhere A ( X ) • )) - d >^  
o^ 
different eonventions haye been used for taking an 
electron track as a % •Ttff by different workers of this 
fi«ld. Tidsan et al«^^ , Baiaton et alf^ and Mathiesson '^^  
are worth aenticoing. For Ch-5 f i l sJwi aeeording to the widely 
reooanMBded eoaveatien of Tldatfi et a l .^' eleotrea tracks 
hcviBg a proJeeticBy ea the plaae of the eaalsieBf of 1*58/^ 
Araa the axia af the traak mtm be tikea aa a delta riy* 
mth the hel9 af a tiilla» prepared by Baxtee^ aalag the 
aoareatioa «f Tldaaa at aX<^ f wa aaa drav aarvea between 
Integral aaabar af delta r ^ s aad tha raaidaa). range for any 
particle. These corres aopa ve i l aeparated aa ahawn in yic«3*3« 
to 
RESIDUAL RANGE IN(cm)- to 
Fig 3-3; Variation of integral nunnber of ^' ' 'sys with 
residual range for different particles. 
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By fladlBg th« moAmr of ^ -raors cevr a measured range of 
a traAk v« can find tho ^•r^r density Mid th% ohargo of 
tho partlelo ean bo obtolnod from tboso oonros* 
Tho Boiribir of dolt a raora ooiuitodf liow«Tor« dfpondo 
on tho sMisltivlty and tho rotolation of tho oatiloloii* I t l«t 
th«toforo« roeoiMoiidod that oaoh oboonror bo oaliboratod bgr 
ootmtlag OTor a standard tratfk* Tho eauuitod imribor of diUta 
racro also laeludos so«o of tho baokgromid saal l traoks lihlsli 
aro not eonnoetod vlth tho paront traek but s t i l l appoar to 
eoso out froa i t dno to tho coinoidineo of thoir looation in 
oaulsion* To oliaiaato sueh baokgrpoad dolta ragrs iro havo 
eouatod tho waitowt of d i l t a riQrs oror 2 • • • rosidnal rango 
of largo nniA)or of voU idontiflod protmn traoks* I t has 
bo«a fooad that tho obsorvod mobor oxooo^ \ff 2 dolta rays 
than tho oxpootod mu^or* 4 oorroaponding eorrootion in tho 
ooantod muibor of dolta rays oror the traoks uador ozavinatloa 
aaQr»thtts,bo aqn^liod. 
Cooatlag tho dslta rsQrSt th«roforo» giTOS ihs tho 
roqiiirod Inforaation aflBoot tho ehorgo of tho partielo* I f 
eonstaat sogitta aoas«r«Mnts oa tho saao traok sro ooiMLaod 
v l th S -riT' eooatiag both ohargo and aiiss of tho partiolo aaor 
bo dot««lnod. Tho traek prodttoiag partiolo I s thus ooi^lotoly 
IdoBtifiod. 
3 > * 6 . mdth t 
If a traek shovs aa aSmomally thlek appoaraaeot 
ioaisatloa and soattoriag aoasaraaoBts aro not possible over 
it. Dolta raor eooating oror saeh traeks is also not relidblo. 
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FortuBatoIy I h9r« another neasur«a«nt teohniqa<8 bec<»ies 
aTadlaS)!** T)i« vldth of th« traOk iaer«asM vl th tb« grain 
donslty jutt 1B th« region vls«r« l l t t l * iiifoTBation r«ialiis 
in tb« liaaar traok stmetur*. I t hat b««n found by AXrlal 
i^ a l « ^ that th« vldth of a traok dopond* OB tho ai«aa« 
•im»lajad for i t s a«asttr«aoBt, tho eharaetoristies of tho 
••Btlsloa^ tho dovolopatnt tho owCLtion has roeolTod and tho 
Toloelty md tho ehargo of tho partlelo* 
Tho track Is dSTldod into saal l oqual sueeosslTo 
sogMOBts of loBgth vbioh saor bo as • small as 0 * 2 5 ^ or as 
largo as 1 0 ^ • 7ho traek vldth i s aoasurod oithor bj 
aooorato tgr^iooo Mtoroaotors or^ by traolag tho projoetod 
traek laago and dotsraiilidg I t s aroa vlth a plMJSotor or , 
by aoasariag I t s photo*oloetrlc opaolty or» fron I t s iddleoii 
signal pattorn. Tarioas othor vaors haro also boon svggostod 
and usod for this purposo* 
Using an igreploeo InstniMoiit I t has boon found by 
tf.F. Trj^ that la Uford a*5 oMasl<Mi tho m^m traok vldth 
of tho las t lo^of a proton traek i s 0*53 • 0*03^ nloroB. 
Vo eaBt hovovsTf aoko a l i s t of dlfforont fsetors 
on vhleh tho vldth of a tr«Bk prodaood by a ohorgod partlelo 
passing through mmlMtmk magr possibly d^snd. 
Tho folleving fastors m^ take part l a shaping tho vldth 0(f 
tho traek t 
( I ) oMaslon soasl t lv l ty 
(II) typo of dorolepMBt 
(III) grala s l so 
(IT) ooadltloas of aoasuroaoat 
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(v ) fati^flk of the obsorrar 
(rt) tBtmnXXj .of Ught 
(Ti l ) depth l a «attlsloB 
r and (Ti l l ) i^iotoBs ]irodae«d by C«r«iikorr •ffMt/firaa 
a t ^ e «aceit«tloB« 
( ix) d»lta raors 
(xi T«i9eltr of th« partlol* 
(zl) cli«rg« of th« partiel* 
For a glTOB type of ••olsleB uadtor aiid-lar 
eoadltloaa of aoasttrtmaBt , a partlctCLar o b s o m r v i l l flad 
the tlrat »lx faetoro of tho aiboTO l i s t to affoot tho traok 
vidtb to tbo saBO oxtoat wliatovor bo tbo IdoBtltj of tbo 
partielo prodnoinc tbo traok* A» far as tbo sovoatb faotor, 
tbo doptb IB oHolsioBt io ewMoTBod vo b%70 ooloetod a largo 
Btuibor of traeka prodBcod by Tartous typos of ebargod partleloi 
\].tbough It has booB obsonrod by us that tho vldth of a track 
doos laeroaso with tbo laellBatioB of tbo traok, bat SIBOO 
wo baTO solootod OBly those traOks whieb have a dip angle 
lo s s tbaa 20^ 1B «B(proeossed eesilsloBt for these traoks BO 
•arlatloB 1B tbo traftk vldtb of a glT«B typo of part ic le has 
beea fovBd with obaBge la tbo depth of enftlslOB. Those 
4^s«nratl«BS fairly agree iflth tho vork of S« liBkagaira et al« 
l a ottrre I0.3 roprodaeed la Fig.B.U-, Ve bacre farther eoaflrae^ 
tbo ladependeBeo of trsek vldtb with Tarlactioa l a depth of 
of 
OHBlsloB hf aoasBrlag the width of 6 ^ traiBks/slagly ebarged 
ideatif iod partlelee irtileb lie «fc dlffereet depths. Oar 
dbserratioas are showa graphieally la Flg« 3.5* Other \90rkers 
bare also dbsenrod that betveoa depths of 50M. to 500/^ of 
100 (b) 
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th* «Mlslon there Is no Tarlatlon in the vldth of ifellUB 
traakM* This agr««s with our aib««rratloiis* 
Again near the end of the traek vhen the part ie le 
i e about to ttop in the eaolsion the faotora l i s t e d atCvii i) 
and(ix) v i l l haTe no effeet on the traok width because the 
l e f t over energy ossoeiated with the part io ls at that stage 
beeo.es qaite insoffieient to prodaee either Berenkor photoM 
or detta raors* 
Thus i t Can be f inally eoaoladed that when the 
part ie le i s about to stop in the enU^on » asf for the las t 
10 or 15 Bierons of i t s range^ the width of the traek depends 
only on the las t two factors noiely* the Telocity, T , of the 
part ie le and the charget s» of the partiele* 
IbTiouely the widths V, w i l l be proportional to 
the ionisation, I , produced by the psrt lc le and the ionisation 
in i t s turn depends directly on the square of the charge of 
the particle and inrorsely on the square of the Telocity of the 
particle* Thus we get 
, 2 
or, If » I . - ~ j r <3*5l) 
whore K is the eoastsnt 9t yroportimiality* 
The ^ma/tXtr *-*jp will, therefore, st a giwen 
range be differMt fer different particles and so also the 
width for different psrtieies will be different* S4Bati«n(3«5l) 
indicates that in principle there is a possibility of estd»* 
lishing the identity of a partitfle by neasuring its track 
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width* Thus the track width Is the sixth obsarrahls qaantlty 
whioh mstf r«T«al th« IdMitlty of the traok prodaelng p2irtlcl«. 
I t Is lBt«r«stlB« to Boto that 8, ]lalcagaara ot al« haro 
suggostod that W<^^ aoeordlag to tholr •xporiaontal dbswnra-
tloBs roprodttood h«r« la Flg« 3•6* But sine* ths lr s t a t l s t l o s 
la poor^oBO eaii not r^ha^ aoieh ro3j on thaa. At laast In tha 
easa of singly and doiiblsr ehasrgad partlelas ovur ohsarratiant 
ara dlfferant trmt thosa vorkars who thaasalTas elalA that tk^iat 
aat^oi ot Idaatlfleatlon of a partlala oaii ba attsuj^fcd amy 
for Ions of eharge axeaadlng thrao • Lot us oonsldar a partlala 
of kaewR Idaittlty at a partleular dlataaeat B« f^oa tha aad 
of I t s rafiga* tiling oqittatloBO-B?} wa oa» oaleulita I t s anargj* 
If and than I t s Talooity* ~it* with tha half of tha afuatlon 
1 tt i Kr • let t ing this ralua of T In aq(a&tlonO«5l) va em 
saleulata tha trask width » V, In tar«s of IT, sinca tha Talua 
of s i s known for th$ psxtie la . We haire r«pe%ti%d thasa ealeulatlMa 
for H »: 5, 10 !in& 15/^ for proton « d«utron, tr l ton, nr and 
Hs « Tha rasults sra glTan In Tablo 3*1 • 
ToloelHas aad mtlatlTO widths (In arbltranr ualta) of traska 
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Tli« 0^999 «i^X« ahotfs th«t tfi« vi<^l}s of tracks of 
41ff«r«M% p«r%i4dl«t «t a gl'WB r«ng« ar* dtfTircBt* Or^lw 
b«tw«Mi tiM ••a.«iil«^«d vidtM «M BMSM i f tb« eorrM^ 
oadlfig yartiolas 1i«v« bMB dr«m fsor II •$tlO «Bd 15/^ tn 
Fig* 3*7« il« •vi4«Bt ATMI this fMitr«f t}i« vidttlM of tlio %»«ikt 
•TO toost rotolv«A for It a5y^ • Wo tiatv^ tiMroforot —•••>•* tlM 
vidili of oaMi saloetoA trairii oft dlstMoM 0»9 «BA 10/^ f»«i 
tlio «ii4 of l i t rai«o* Tho «Ptrogo ftf tlioso Tolsos liot boM 
takoB •• %1M BOOB tfidtli of tlM t r o ^ ot R «5/t*A lilotOfr«i 
boivooB ibooo olMiarvod widtbo iBd BOiibor of OVOBMI O«B MIOB 
bo dravnaad I f i t «bova poako IB •arloos rogtoBs tbooo oaB bo 
attribBioa to BiBglart doBbSsr aBd BBltljOljr alitfgod yartieloo* 
Tbio firovldot a BOV Botbo4 of oaparatioB of olBgUr* tfMfliSar 
aBd BBltiplT «b«rgod partiolao tB a glvaB OB^I** YIM boifbto 
of tbooo poaks O«B iadleafco tbo frofoaBigr Bf oBlooioa of tbo 
oorroopeNidii^ typo of partlolo* 
mmmvmtf oKpaytBaBtally i t OOBOB ont tbai a good 
o^aratioB BMBgat tbo difforaflt iootopo 9f a givaB ^argo i s 
BOft pooslblo bj tbo vidlb aoaaBr«B«iU « Bot tbo poaka 
OffOOpOBdiBg to •tfiOBB gMBpSBf paHi^OB Witb diffOTORt 
^tfgoB «ro qpiito rooolirod* TbarofBPOf «boro*aB tbo MAiOB 
of diffoMBt obargod partioXao •m bo roSiib)3r BidBr»<iiBad> 
MM TIML9 of partioioa boliBulBg to tbo •mm obasvo otrtoi 
•m bo ibtBlBod mar tbroogb tbo otal iot iBa mOnAmm 
Tbo trotk of a pt^tiolo ia tbo iBBliloB ooBotitvtoo 


















. ^ (Ri^AA) 
ip 2P 3p 4p 
KfASS or THE PARTlCtrW^rtRMS 
OF PROTON MASS - * 
Fig 3 7: Graph b«t^ A»«a tlje calc.ulited-width and masses 
of the corresponding particles. 
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r«eogiiit«d* W* banr« alr«a^ a**!! that th«r« «r« at laaat 
siz quantities vfaleh eaa b« a>bt«rr«d and ••asorad for a 
traek* Thiy ara dip, ranga, lonlsatlon, seattarlng, d^ta 
raori and vldtb« Thaaa quantltlaa ara eallad tha paraaatars 
of a traok. A slngla paravatar eaimot ravaal tba idantlty 
of tha partlela If takan alona. Bovarar, •arlous aiiltafl^ la 
ooiMjiatloiia of thaaa partfiatorfl eaa ba Bada uhleh eaii dla* 
elosa tha Idantlty of tha partlela. 
Tha following alagla paranatars or eoiriblnatlon of 
parasatars hara baan uaad bar ua for partlela Identification. 
(I) o< eoaiblned vlth g* 
(II) A g* eoriblned With A R 
(III) g* eoriblaed with R 
( IT) Masa deterslnatlon bjr eonstant aagltta aethod 
eoiftlned with S »rtQr eoontlng. 
(T) R eonblned with Rg 
(•1) Track width 
Uhlle the first two eonblnatlons are ttsefkC for the 
Identlfleatlon of partleles whleh do not stop In the ennlslen 
the ( IT) and (r) eoiiblnatlMM and the (T1) single parameter are 
aappUeiible for those partleles whleh stop in esnlslon. 
in aitdltl«i to the «se of the n^ere eoriblnatlon of 
parflMters we hare also msed tve ef the slMrt est but standard 
aethods for Identlfleetlea of the pacrtlelee* 
(1) I f the paiitlele traftk dkvnptly ends giving rise to 
a thin eleetron slg-«lg traek of ^ 6 o nler^M length It ugj be 
f^ «neson deeiorlng Into an eleetron and a neutrino and an 
(11) I f th« partlel« track snds in th« shap« of T, i t Is 
eall«d a hmmw traok* Tba track aaor ba proteead bj althar 
oouatlag tka aoiibar of dalta rigra* Tka T ahap Is prodiMiad 
bj tba dlslnttgratlmi of tba parant melalt via B0|^  vliloh 
Is of oactra«ol7 short l l f o tlaa and roaidllsr doe^s lato two 
oL- partlelot raooHlag ifltb oqtaal Toloelty. Tbo roafttlMo 
larrolTod ara as foUovs t 
8 « 8 
U3 - ^ BS|^  ^ f 
8 8 ^ ««• 










Zf tbo tvo prongs prodveod bj c< •partlelos aro laellaad to 
oaoh othor at an anglo loss tbaa 6^, tho traok aaj bolong to 
A 
a Bo BBOlons. It has also boon foond that a fow othar melal eaB 
prodiioo T shapod tracks. A brlaf doserlptloB of our obsorrat-
loas la this oonaoetloii during tho ooarso of tho pros out vork 
Is glTOB la ehaptor IV* 
Lastly wo h«ro msod tho vldth of tho traok as a slnglo 
paraaotor whloli oan sipairsto slagSxt t^oiibly and sMlti^^ 
ohargod partleloaoi and glTo tho r«tlo> of thsir oalssloa 
Aroqttonpjr. I t has also boon «so4 for fladlBg staikistloally tho 
OHlssloB ftofttonej of dlfforoat typos of singly «hargod part-
l e los . 
la total 708 stars voro soloetod for aoasaroaoBts 
and al l ths traiBlMfklllBg irlth<-la oar soloetloa erltorla vo#o 
Idoatlflod. Tho data of othor irorksrs of this Idftoratoiy have 
also boon Ineiadod In tho prostfit vox^ la ord^ to laoroaso 
tho statlst loal aoearaey of tho eonelasloBs. 
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CHAPTER IV 
NUCLEAR EVAPORATION SPECTRUM 
I l l 
V.I 
X inA Zl strooglsr riatwuaa an lavwilfatiMi of tiM «ktf»i»-» 
t«ri»ties of p«rtielM •vipofwlod ttmt «Btlt«A wwlii* QM» 
tli«r«fofr«fSlsipl7 em not r«sl<t %!!• tM^tstion of doiag tlM 
•«Mi and looking forward for ooao OEBOltlnK roMCLto. 
In oirdor to roAtth a noanlagful eonolnoloB vo 
expected botro oaltnlatod tboorftttOiOlar tlio/aMDoro of osqpaatttl difforont 
ptftioloo «t •«rlo«« anonsloo aolag otn^loB (2«15)* TIM total 
muiboro of parttoloo of difforont rangoo htiw than boon dotor* 
•inod* A o«9arloo» of tliooo thoerttleal •alitos vltli tho oiporl-
Bontal abaorvatioaa loada to tha 0)neltuii«i that difforont aota 
of partfMtora of tho oriporattlon foniBla raprosantad hj ofoatlon 
(2*13j^  ,ahould ho oolootod for dlfforoBt rago istarvalo to ^htaln 
tho hoot f i t vlth tho asQiavlaaottal roaiplto* vo htfrof hovorOTt > 
trlod to find a»o sot of hoot l i t t lag r^tmm far th^o 
for tho antlro rogloM i«hii6 oonao o«t to ho in foifhot 
vlth tlio roovlts tlitalnod hr vidUi •aiMWuwii, hmft lo 
dwAljr dlfforaiit froa ttMOO dM«Uiod hr othar ootlMn 
t i U vooMtlr* tim itUXk of tho tvortw haa hooa mood to dott 
tho mAnutfm flrofooMloo mA h€nto tho paroatago of anlodoa 
of yartloloa of dlffarant tan^ oa* Tho fonrtapd to haohvtfd ratio 
has hoan datamittod to i»fOOtigoto tho dlrootioaal MsrHMtrr 
112 
of the eraporated particles. The frequency of occurrence 
tracks 
Of hmmmr/han alee lieea eetl»ated« 
All the ahore results hanre b««B dieouesed in 
the following different seetlons^aBd appropriate eoHparleeae 
haere been sade with the results of other workers wherenrer 
possible* 
is 
SqaaitlOB(2*13)/ihe general expression for 
oo^atlng the total waibir of particles of a glvtfi type per 
MOV per disintegration* The Taluo of K oeeurrlng In oqiaetlon I2.13) 
has boon given bj AywoU ot al* as | [ | • ' i where oc Is an 
epprt^rlcte constant* H Is the effeotlvo mniber of partlelos 
presMt In the nuclear roluae If and M Is the nass of the 
«r«porated partlele la terus ot proton nass. Siuatlon <2.13) 
then boeoaes, « - (:4-Ti 
(>».i) 
IquatlOB <^ «^1 ) glres the irasA»er of orajioratod 
particles In a glveQ sBorgy latonral* ifo eaB» however» mso 
equation(3•J?) to roplMo tbo Tsrlous mtmnet toms bjr the 
ptftloular 
•onrepfoadlBg rsngo tonM* Tor a^srtlelo t ^t ^bo oqiuatlea 
0*37) «tfi Ifrs wrlttsB as 
1^ « 0*251 • X|^  • lf| 
1 1 *^  
In general -^  x o 
vb«r« tb« ealeiilat«d TaluM of K for diff«r«Bt partlolM 
ar* •hova in tai»l« H>»1 glTM b«Xov. 
Th« T«lttM of E for dlfforont yartieloo 




oi. opartlelo 1.019 
Tho oqaatloB 0*-*1) eaB» thoroforoi bo glTon in 
t « . Of , « g . l » t . . d f « . r „ * 1 1 . K\lf> . K BO-58 . 
K'^ B^*^^ and K R^^ *'^  v l l l glTO tho rangoo eorroopoadlag 
to iBorglos fj^ • By T and T^^^ rospoetlToly. 
It i s to bo Botod horo tbat for a partielOf i» to bo 
••ittod i t s oBoegjTf (^^ 9 sboBld bo grotftor tbaP tbo roaotion 
bairriory T^  t otborwiso tho yrobibilitj of oaissioa for a 
partiolo bflcviag ^ i "^  ^i ^ soro* 
iBtogrstiag OfsatioaCV.I) ovor tho vholo onorgr 
raago wo eav oibtiiB tho totid. rifto of oaissioB as 
"(total) • — f l r " • ^ * (V.3) 
Tho raluos of B, T and w^ •m bo astetitatod i s t o n s of B 
f oUovs I 
, 0.58 
, 0.58 
T • K 1 , 
and, Tj^ « K H^»5^ 
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<»^A) 
I t It asnni«d that I t a partiCMltf tJF« •t p«rtlel«t i» i t 
«aitt«d thm W i s tli« tot Id Ba i l— aaib«r of tha partiolaa of 
tha typay i t vliloh tfca Bnalaaa ean poaalbly teld. Tlia «rarac« 
Taluaa^ of V for diffaraat typaa of partioios for a BBelaua of 
•aaa moBbrnt 8o vhloh la naarlj aqaal to tha aTorago «aaa 
for tha aBBlaloB mwlal ara glTan b^ov la tabla: .N>.2. 
Tha Talttaa of V for dlfforant partlelaa la 











Tor OQ^pviiBc tlM TOlxio of V0K|^ ) f»r a giTMi 
partlolOf i» tha oration(^.1) om ho «8od. Tho mOj wakamm 
fpitfitS^ i» this oqpiation i s ay « C(t<r)» vhifih i s dlfforant 
f«» difforoat partioloo.' Tor dotondBiBg tho rwOMm of Cyfor 
protaaSf Op» vo h«ra «90d tho graapb^  roprodaood la i^ ppaadiz •* 
Takiag a partieolar Talaa of Vi^attJ on tha z-axla of tfala graph 
vo otfi road V<^p) for protons. Waw patting tho vroraga Taluaa 
ir6 
of B « SitoVf \ » v's hlWf and T *h MBV Arom the tabl«a 
rmpTodA99d in ipp«Bdid«« IZZ and IV , oH the basis of vhiah 
th« abo^a aaatlonad gragph has ba«n draim by tba agathors va 
«ali ealonlata tba •aSaa of C« for protcMM* Moan of aororal 
oaloulatloiui vas takan. Slnoo BO sooli grtglh botwoan anorar 
a»d muAor of partiolas par MaT par dlaiatacratlMi la «ralli^* 
la for dautaroBs and trltaos vo bavo «sod tbo tifrla glTaa Ui 
Appandlz IT for tba dotandHiftloii of C^ » 0^ and Ge< for dMift* 
aroasi trltons dad o<. partlolaa. Tba abora BaiitloBad ttVXm 
glTaa tba ralatlra aalsslcm probabUltlas for dlffaraat partlolos 
OBlttad dnrlBg tba eonraa of an ovaat eoBoamlng tba orayoratloB 
of a BBOloos vltb A ^ ^ 8o« Tnm tbla td^lo va oaB flBd tba ratio 
botvaaa tba •*Hiaa of »(,otal)d •»* "(Totals* 
Hmt BslBg aqttatloB (^ ^B) va gat 
»<total)p - S S "p ^ ^ "^  ^ 
aad 
*(Total)d • ^d *d •% ' 
dlBllarlT' tba asprooslOR for tbo ooaotaat e^ far trltoBO « d 
•^ for o<-partiolas ooso out to bo ao 
'flyiiiK S ^ '^' ^ " n r ^ ( .^7, 
flM Ta3»«t •f If T «id 9 fw tli« MHV«>Mv« F«rti«lM b«r» 
bMM tak«B fSNM tli# t4il« of 4i>»—dt» XT* It i t t« ¥• aotoA 
that th« oalottlatsd T^voa of O^ c mtm la a g y i i t vlth tko 
T«1»M QtotalBod Iqr rooiiiig ftpoa gru^i^ of ito^Bdiz T and 
thon aaklBg ealeolatloiis tlaUar to 0^ * Tlio TaHtoo of 0 tiMa 
«frtaiaod for Torloiio 9«r%iol«i wlttod dulac tlio oooroo of 
• dUlBtogrotloii iMvo lM«i %ilMa.«tod in tdilo ^.3 glT«B bolov* 
•aloos of tlio oonstafit C for diff< 









n i» to bo aotod tiiot tlio rtloUMo botoroca C 
diffor«it yiTMMtoro of Toriooo oolttod yortloloo horo bora 
•tadiod and tbo romlto «ro obora iri^lileally la flf» ^»1«(«)» 
(b)» (o) mA (d). 
9slac o^ ptotlOB (^3) tlm^t wltb tbo ••moo of C 
fltot^aod dkoro vo b«to oi&oaUtod tbo a i^ i i oT diffwoat 
range 











4 8 12 16 


























1 2 3 4 
Mass M —9> 






4 8 12 16 
Potential barrier V''-
(in MeV) (in terms of proton charge) 
Fig.4-1; Relation between C and different parameters of the emitted 
particles. 
117 
has besn done vlth the help of an 1130«IBM eoi^uter at 
the Co^mter Centr* of the Allgarta MosilJi TnilT«r«it7» Allgarh» 
for ranges Tarriiis Ara« s«ro to ^000 aleroas at Interrals 
of 10 aierone to 100 aloroiui • A graph has then been plotted 
between the rango and total number of particles of different 
^rpes* This graph i s shoim ia f ig . *»«2(a) oa a 35^ X aagBified 
seals vhieh takes into aoeoont the aiuiber of disintegration srrsBts 
atmsidered* 
The rtfiges of nore thtfi 3!roo *%laok** traoks of 
partioles eraporatod fron a total nu^er of 3S>V disiategrattioa 
stars vers aeasnred during the esurse of the present vork* Tho 
histograii betveon these ranges and nailer of partioles has 
be«n drawn in Fig. H-.2Cb) . The acrerage eurre obtained tmm 
this histogram has also been shovn bj broken lines in ths 
save figure ^.2 (o). The saperii^osition of the theor^tioal 
and ei^erinental snrres shows a laok of agreement betwesn 
thea. This situation draws onr sttentioa baok to the erapofrat* 
ion fonnla given in eqpiation Of.1 )• 
The nost v«lAird»lo par Meters hanriag their eorreet-
ness at stdce appser to be the ansleer tamper star e, T» and tho 
barriert Y^ • Tho <r«paga valao of the tamperatare T has beoa 
takaa hf VawaU at U . •• >» HiT aiML ^ a t af r^^m k9Uf 9 
and IT). A eoapater prograaM vas dssigaed to awesp these two 
patraaeters for Talues girea below. 
T « pt 1.00. 2*00« 3*90 • 3.^0» 3.75» 3*80»3*859^.00 
l».50 and 5*00 MtT 
117(b) 
Corrected number of events 
SS5L 1 
^ 2 
» z. ^  
c 3. — 
<5Lo 






YM as 0, 1 , 2, 3 and »f MeV U S 
^id • °» ''• ''•^^» ^t^o* 3 * ^ amd 5.00 ii»T 
• i t « 0» ^t 1*25» 2,50» 3*75 and 5.00 lltV 
•j.oC« ^* 2.75» 5.50t 8.25 a»* 11*00 ItoV. 
also 
Some of tli« Co^^ttr eal«ttl«tloii« li«r«/btt«ii iaslrndsd in 
tli« tioct of this voxk 1B ordor to glTO an Idoa ^f IMV tlio 
8h«90s and podcs of tM enrro* ehaiigo vitli raSnos of T|^  lOM T* 
millo tho Taimos of T voro Ohangod la ^ a l l a t 9 s 
fro« 0 to 5 NoYt earo vas takan to tthango tba Taluaa of T|^  
in tho aaia ratio as tbat of 7^^ • Tboso i^ rograwMo woro fad 
to i130*IBM eoaputar for o^aiBing tlio total mnibor of pr«toii>lo 
partioioa oorrospoiidiBg to Tariooa raago iatonrals batvaan 
0 and NOOO ^ • FroB thaaa Taluaa a largo BBiiiar of graphs 
batwooa '(^9^,1) and m vara dr^ni to •zaaiaa tlio Tarlatioa 
in tho nataro, ahapa and paak of tbosa eurros* A faw of tbaa 
ara giTon in Figa. V*3, V.^ -. and ^•5. Tba diffarant Taluoa 
of T and T4. ara sbown in tba fignrao. Tba oorrospoading 
•alnoa of Tj^ ^ t ^±% «»& T^ oc '^^ takan/Tiu tboaa grapbs vara 
•ttpariapoaod ana bgr mk» tm tbo «9arimaMtal enrvo* QM loaidac 
at tba 9mrw» « M •m 9— tbi^ tbo crwag^ bast f i t i s ^btaiasd 
for T » 3*8 NiTf • ^ * 2 mft T ^ • 2*5 MfT « r^^ » 2.5 Mv 
Md Y^m 5.5 mr» Tba taarts sf In^saiisss XXZ • XT and T 
tlbmi that bost f i t TIOMS talMi « » 9 » V M « r , T ^ « V MT, 
T|^ • 5iMr • T|^ ^ • 5 NtT « d \ ^ m tf NUT. TiMMis Tainas mOSF 
wikow a bast f i t witb sur mpnfasatal b&stogrfli f ir rn^as 
heo BiaroM and iHorsi vbils i f «• tabs T » 3*8 Ifa7» T^  «2lfaT 
ii3(b; 
Corrected number of everits 
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rV'' = 1 . " VP = '\V' 
0 . 0 0 0 0 
lO.OOGO 
2 0 . 0 0 0 0 
3 0 . 0 0 0 0 
AO.OOOO 
•50.0000 
6 0 . 0 0 0 0 
7 0 . 0 0 0 0 
8 0 . 0 0 0 0 
9 0 . 0 0 0 0 
iOO.OOOO 
, 0 0 . 0 0 0 0 
300 .0000 
^ 0 0 . 0 0 0 0 
•00 .0000 
6 0 0 . 0 0 0 1 
7 0 0 . 0 0 ^ 1 
8 0 0 . 0 0 0 1 
9 0 0 . 0 0 0 1 
' 0 0 0 . 0 0 0 1 
1 1 0 0 . 00?. 2 
1 2 0 0 . 0 0 ( 2 
1 3 0 0 . C 0 C 2 
1 4 0 G . 0 0 0 2 
1 5 0 0 . 0 0 0 2 
1 6 0 0 . 0 0 0 2 
1 7 0 0 . 0 0 0 2 





2 3 0 0 . 0 0 0 4 
2 4 0 0 . 0 0 0 4 
2 5 0 0 . 0 0 C 4 
2 6 0 0 . 0 0 0 4 
2 7 0 0 . 0 0 0 4 
2 6 0 0 . 0 0 0 4 
2 9 0 0 . 0 0 0 4 
3 0 0 0 . 0 0 0 4 
3 1 0 0 . 0 0 0 4 
3 2 0 0 . 0 0 0 4 
3 3 0 0 . 0 0 0 4 
3 4 0 0 . 0 0 0 4 
3 5 0 0 . 0 0 0 4 
3 6 0 0 . 0 0 0 4 
3 7 0 0 . 0 0 0 4 
3 8 0 0 . 0 0 0 4 
3 9 0 0 * 0 0 0 4 
4 0 0 C . 0 0 G 4 
0 . 0 0 0 0 
O.OOOC 
0 . 0 9 1 0 
0 . 1 5 0 9 
0 . 1 9 0 2 
0 . 2 1 7 1 
0 , 2 3 5 8 
0 . 2 4 8 9 
0 . 2 5 7 8 
0 . 2 6 3 6 
0 . 2 6 7 1 
0 . 2 4 6 2 
0 . 2 0 1 3 
0 . 1 6 0 7 
0 . 1 2 7 7 
0 . 1 C i 6 
0 . 0 8 1 3 
0 . 0 6 5 3 
0 . 0 527 
0 . 0 4 2 8 
0 .0-^49 
0 . 0 2 8 5 
0 . 0 2 3 5 
0 . 0 1 9 4 
0 . 0 1 6 1 
0 . 0 1 3 3 
O . O l l l 
0 . 0 C 9 3 
0 . 0 0 7 6 
0,0( ,)66 
0 . 0 0 5 5 
0 . 0 0 4 7 
0 . 0 0 4 C 
0 . 0 0 3 4 
0 . 0 0 2 9 
0 . 0 0 2 4 
0 . 0 0 2 1 
0 . 0 0 1 8 
0 . 0 0 1 5 
0 . 0 0 1 3 
0 . 0 0 1 1 
0 . 0 0 0 9 
0 . 0 0 0 8 
0 . 0 0 0 7 
0 . 0 0 0 6 
0 . 0 0 0 5 
0 . 0 0 0 4 
0 . 0 0 0 4 
0 . 0 0 0 3 
0 . 0 0 0 3 
O.GCOC 
U . 0 0 \ 5 
C . 0 2 6 5 
0 . 0 3 9 6 
0 . 0 4 7 0 
O . C 5 i 3 
0 . 0 5 3 7 
0 . 0 5 4 8 
0 . 0 5 5 0 
0 . 0 5 4 7 
0 . 0 5 4 0 
0 . 0 4 0 1 
0 . 0 2 7 8 
0 . G 1 9 2 
0 . 0 1 3 4 
0 . 0 0 9 5 
0.0115 8 
O.C049 
G . 0 0 3 6 
O.C026 
0 . 0 0 1 9 




























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































i ^ 3 ,85 PVP- 3 .00 DVP- 3 ,75 TVPa 3 .75 AMP» 8 .25 
142 
c.oooo 
1 0 . 0 0 0 0 
2 0 . 0 0 0 0 
3 0 . 0 0 0 0 
AO.OOOO 
5 0 . 0 0 0 0 
6 0 . 0 0 0 0 
7 0 . 0 0 0 0 
8 0 . 0 0 0 0 
9 0 . 0 0 0 0 
i 0 0 . 0 0 0 0 
/<00.0000 
3 0 0 . 0 0 0 0 
4 0 0 . 0 0 0 0 
5 0 0 . 0 0 0 0 
6 0 0 . 0 0 C 1 
7 0 0 . 0 0 I 
8 0 0 . 0 0 0 1 
9 0 0 . 0 0 o i 



















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































2 0 . 0 0 0 0 
3 0 . 0 0 0 0 
^ 0 . 0 0 0 0 
5 0 . 0 0 0 0 
6 0 . 0 0 0 0 
7 0 . 0 0 0 0 
8 0 . 0 0 0 0 
9 0 . 0 0 0 0 
1 0 0 . 0 0 0 0 
2 0 0 . 0 0 0 0 
3 0 0 . 0 0 0 0 
^ 0 0 . 0 0 0 0 
' 0 0 . 0 0 0 0 
6 0 0 . 0 0 0 1 
7 0 0 . 0 C t - l 
8 0 0 . 0 0 0 1 
9 0 0 . 0 0 0 1 
' 0 0 0 . 0 0 0 1 
1100 .00O2 
1 2 0 0 . 0 0 0 2 
A300.00C2 
' A 0 0 . 0 0 0 2 
'500.0002 
2 50O.OOC2 
1 7 0 0 . 0 0 0 2 
1 8 0 0 . 0 0 2 
1 9 0 0 . 0 0 0 2 
2 0 0 0 . 0 0 0 2 
2 1 0 0 . 0 0 0 4 
2 2 0 0 . 0 0 C 4 
2 3 0 0 . 0 0 0 4 
2400 .00C4 
2 5 0 0 . 0 0 0 4 
2 6 0 0 . 0 0 0 4 
2 7 0 0 . 0 0 C 4 
2 8 0 0 . 0 0 0 4 
2 9 0 0 . 0 0 0 4 
3 0 0 0 . 0 0 0 4 
3 1 0 0 . 0 0 0 4 
3200*0004 
3 3 0 0 . 0 0 0 4 
3 4 0 0 . 0 0 0 4 
3 5 0 0 . 0 0 0 4 
3 6 0 0 . 0 0 0 4 
3700 .00C4 





































































0 . 0 7 0 1 




0 . 0 2 5 1 
0 . 0 2 0 7 
0 . 0 1 7 1 
O.C1^2 






0 . 0 0 4 2 
0 . 0 0 3 5 
0 .C030 
0 . 0 0 2 5 
0.0Q22 
0 . 0 0 1 8 
0 . 0 0 1 6 
0 . 0 0 1 3 
0 . 0 0 1 1 
0 . 0 0 1 0 
0.QC08 
0 . 0 0 0 7 
0 . 0 0 0 6 
0 . 0 0 0 5 
O.OOOS 
0 . 0 0 0 4 
O.0CC3 
0.0C03 










































































































































































































T» 4 . 0 0 PVt=" . 0 0 OVP' 1.75 TVP« 3 . 7 5 AVP» «.<it. 
O.OOOU 
iO.t'OOO 
2 0 . 0 0 0 0 
3 0 , 0 0 0 0 
AO.OOOO 
5.0.0000 
6 0 . 0 0 0 0 
7 0 . 0 0 0 0 
8 0 . 0 0 0 0 
9 0 . 0 0 0 0 
1 0 0 . 0 0 0 0 
2 0 0 . 0 0 0 0 
3 0 0 . 0 0 0 0 
^ 0 0 . 0 0 0 0 
•500.0000 
6 0 0 . 0 0 0 1 
7 0 0 . 0 0 0 1 














































































































































































































































































































































'..Li. :\t,= ^..uO CV;'-^ j . T V '-•' = !:. , C V- A V P -- ^ _ 
0 . 0 0 0 0 
1 0 . 0 0 0 0 
2 0 . 0 0 0 0 
3 0 . 0 0 0 0 






1 0 0 . 0 0 0 0 
2 0 0 . 0 0 0 0 
3 0 0 . 0 0 0 0 
4 0 0 . 0 0 0 0 
5 0 0 . 0 0 0 0 
cOO.OOOl 
7 0 0 . 0 0 0 i 
8 0 0 . 0 0 0 
9 0 0 . 0 0 0 1 
' 0 0 0 . 0 0 0 1 
l i O O . 0 0 0 2 
^ 2 0 0 . 0 0 0 2 
1 3 0 0 . 0 0 0 2 
1400.0002 
1 5 0 0 . 0 0 0 2 
1600.0002 





2 2 0 0 . 0 0 0 4 
2 3 0 0 . 0 0 0 4 
1 4 0 0 . 0 0 0 4 




2 9 0 0 . 0 0 0 4 
3 0 0 0 . 0 0 0 4 
3 1 0 0 . 0 0 0 4 
3 2 0 0 . 0 0 0 4 
3300 .00C4 
3 4 0 0 . 0 0 0 4 
3 5 0 0 . 0 0 0 4 
3 6 0 0 . 0 0 0 4 
3 7 0 0 . 0 0 0 4 
^800.00^*4 
3 9 0 0 . 0 0 o 4 













































































































































































































































































































T= 4 . 5 0 PVP« 0 . 0 0 DVP= C-CC TVP= 0 . 0 0 AVP= u.uw 
143 
0 . 0 0 0 0 
1 0 . 0 0 0 0 
2 0 . 0 0 0 0 
3 0 . 0 0 0 0 
4 0 . 0 0 0 0 




9 0 . 0 0 0 0 
1 0 0 . 0 0 0 0 
2 0 0 . 0 0 0 0 
3 0 0 . 0 0 0 0 
'i 0 0 . 0 0 0 0 
5 0 0 . 0 0 0 0 
6 0 0 . 0 0 0 1 
7 0 0 . 0 0 0 1 
8 0 0 . 0 0 0 1 
9 0 0 . 0 0 0 1 
I 0 0 0 . 0 0 0 I 
1 1 0 0 . 0 0 0 2 
1 2 0 0 . 0 0 0 2 
1 3 0 0 . 0 0 0 2 
1 4 0 0 . 0 0 0 2 
1 5 0 0 . 0 0 0 2 
^600.0002 
1 7 0 0 . 0 0 0 2 
1 8 0 0 . 0 0 0 2 
1 9 0 0 . 0 0 0 2 
2 0 0 0 . 0 0 0 2 
2 1 0 0 . 0 0 0 4 
2 2 0 0 . 0 0 0 4 
2 3 0 0 . 0 0 0 4 
2 4 0 0 . 0 0 0 4 






3 1 0 0 . 0 0 0 4 
3 2 0 0 . 0 0 0 4 
3 3 0 0 . 0 0 0 4 
3 4 0 0 . 0 0 0 4 
3 5 0 0 . 0 0 0 4 
3 6 0 0 . 0 0 0 4 
3 7 0 0 . 0 0 0 4 
3800.0004 
3 9 0 0 . 0 0 0 4 


















































































































































































































































































































3 0 . 0 0 0 0 
4 0 . 0 0 0 0 
5 0 . 0 0 0 0 
6 0 . 0 0 0 0 
. 7 0 . 0 0 0 0 
6 0 . 0 0 0 0 
9 0 . 0 0 0 0 
iOO.GOtiO 
2 0 0 . 0 0 0 0 
2OO.OOCO 
-iOG.OOCQ 
N O O . C O O O 
600.000?. 
7 0 0 . 0 0 C I 
3 0 0 . 0 0 0 1 
9 0 0 . 0 0 0 1 
; 0 0 O . 0 0 G l 
l i O O . 0 0 0 2 
1 2 0 0 . 0 0 0 2 
I300.00t>2 
1A00.0002 
1 5 0 0 . 0 0 6 2 
1 4 0 0 . 0 0 0 2 
1700 .000 2 
1800 .0002 
1900 .000 2 
?Q0C.000 2 
2 1 0 0 . 0 0 0 4 
2 ^ 0 0 . 0 0 0 4 
2300.0CC'4 
2400.000*+ 
2 5 0 0 . 0 0 0 4 
2 6 0 0 . 0 0 0 4 
2 7 0 0 . 0 0 0 4 
2 8 0 0 . 0 0 0 4 
2 9 0 0 . 0 0 0 4 
3U00.0004 
3 1 0 0 . 0 0 0 4 
3 2 0 0 . 0 0 0 4 
3 3 0 0 . 0 0 0 4 
34^10.0004 
3 5 0 0 . 0 0 0 4 
3 6 0 0 . 0 0 0 4 
^700 .0004 
-^300.0004 
3 9 0 0 . 0 0 0 4 












































































0.03 6 4 
O.C'ill 






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































T= 4«t>0 PVP= 4 . C c CVP = OC TVP= ;:..Cr' A V P = i , . C ^ 
0 . 0 0 0 0 
1 0 . 0 0 0 0 
2 0 . 0 0 0 0 
3 0 . 0 0 0 0 
4 0 . 0 0 0 0 
5 0 . 0 0 0 0 
6 0 . 0 0 0 0 
7 0 . 0 0 0 0 
8 C . 0 0 0 C 
9 0 . 0 0 0 0 
1 0 0 . 0 0 0 0 
2 0 0 . 0 0 0 0 
3 0 0 . 0 0 0 0 
4 0 0 . 0 0 0 0 
5 0 0 . 0 0 0 0 
6 0 0 . 0 0 0 1 
7 0 0 . 0 0 0 1 
8 0 0 . 0 0 0 1 
9 0 0 . 0 0 0 1 
1 0 0 0 . 0 0 0 1 
1 1 0 0 . 0 0 0 2 
1 2 0 0 . 0 0 0 2 
1 3 0 0 . 0 0 0 2 
1 4 0 0 . 0 0 0 2 
1 5 0 0 . 0 0 0 2 
1 6 C 0 . 0 0 0 2 
1 7 0 0 . 0 0 0 2 
1 8 0 0 . 0 0 0 2 
1 9 0 0 . 0 0 0 2 
2 0 0 0 . 0 0 0 2 
2 1 0 0 . 0 0 0 4 
2 2 0 0 . 0 0 0 4 
2 3 0 0 . 0 0 0 4 
2 4 0 0 . 0 0 0 4 
2 5 0 0 . 0 0 0 4 
2 6 0 0 . 0 0 0 4 
2 7 0 0 . 0 0 0 4 
2 8 0 0 . 0 0 0 4 
2 9 0 0 . 0 0 0 4 
3 0 0 0 . 0 0 0 4 
3 1 0 0 . 0 0 0 4 
3 2 0 0 . 0 0 0 4 
3 3 0 0 . 0 0 0 4 
3 4 0 0 . 0 0 0 4 
3 5 0 0 . 0 0 0 4 
3 6 0 0 . 0 0 0 4 
3 7 0 0 . 0 0 0 4 
3 8 0 0 . 0 0 0 4 
3 9 0 0 . 0 0 0 4 
4 0 0 0 . 0 0 0 4 
0 . 0 0 0 0 





























































































































































































































































0 . 0 0 0 0 
O.OOOC 
0 . 0 0 0 0 
2 8 . 9 8 2 6 
5 1 . 9 3 7 1 
7 0 . 6 5 6 8 
8 1 . 9 5 1 4 
2 6 1 . 2 4 1 9 
3 0 5 . 0 0 6 7 
3 0 2 . 7 8 1 5 
2 8 4 . 4 1 9 2 
2 6 C . 4 8 4 9 
2 3 5 . 4 6 6 0 
2 1 1 . 3 5 9 3 
1 8 9 . 0 1 5 6 
1 6 8 . 7 3 0 3 
1 5 0 . 5 2 7 2 
1 3 4 . 3 0 1 S ' 
1 1 9 . 8 9 2 C 
1 0 7 . 1 2 0 1 
9 5 . 8 0 8 2 
8 5 . 7 8 9 5 
7 6 . 9 1 1 3 
6 9 . 0 3 8 7 
62 -0494 
5 5 . 8 3 7 4 
5G.3095 
4 5 . 3 8 3 8 
4 0 . 9 8 8 9 
3 7 . 0 6 2 5 
3 3 . 5 4 9 9 
3 0 . 4 0 3 5 
2 7 . 5 8 1 4 
2 5 . 0 4 7 1 
2 2 . 7 6 8 3 
2 0 . 7 1 7 0 
1 8 . 8 6 8 2 
1 7 . 2 0 0 0 
1 5 . 6 9 3 2 
1 4 . 3 3 0 7 
1 3 . 0 9 7 4 
1 1 . 9 7 9 9 
1 0 . 9 6 6 3 
1 0 . G 4 6 1 
9 . 2 1 0 0 
8 . 4 4 9 6 
154 
^Id • 2.5 M»V, Y^^ « 2.5 K«V and \ ^ ' 5.5 M«V th« r«gloti 
of agr««i<mt vlth th« •xpcrlnttital Taltt«« can b« «xt«)d«d on 
tli« loii«r tld* upto 150 idoroas. Tli« MMracMs p«ak oibtalBed 
la tht istcrral 0*100 aleroiM ttaB only b« qpialitstiftly 
•xplalBod h«r«« 
I t I s t o b« tlOt«d tbcfe TM7 law MMTflJ p l T t l O l M 
tr«r«rtliif a dlstaiies b«tv««B 0 to 200 wdarotm slrair aMai 
l«rg«r ••lttMi<1135 traitkt) 1» tli« «xp«ilB«ifc«l ovrv* than 
vamntod %gr tliMvy^ * Tlio dlMray^Mir • « b« «ipl«lB«d bgr 
tiMLBi lato •Mwldflirii^ lOB tvo fa«t«. yimrtlgrf alaeo wo lianro 
t«k«n 35^ Biialoar dlslatogratl^ia Into ae^oMit for drsdliig 
tho hlatogrflit tbo roeoHlng Bwolol v l U glTO i l so to aa 
wroxtaatoiy o^al aari^ cr of abort traiska* A fov of tlioao 
faSl la tho rmgX^n vboro thigr oaa bo oooa br tbo alorosoopo 
and tho toot aaQT porbaps bo sltaatod la tbo oanlslMi la saAh a 
VflQT tbat thaor aro aot Tlalblo la tho aloroaoopoeapoolally vltb 
In tho tfiglo of our aolootloa orltorla* Thla aoeonata for aoro 
than oBo«thlrd of tho short rango traoks* Soooadly tho Ta3iios 
of T and T|^  aro arorago raSAos for tho nholo proooss of orapora-
tftoa* Xa foot T aad T^ v U l flaataato aS^ oat tholr arorago balaos 
dwrlag tho tlao la vbloh tbo proooso of ovaporatloa gots 
•o^plotod* Hboa T and T^ airo aft thotr loiNii ajhb TaSaoat abarg* 
•d tartloioo of lowoor aaorgloa aBd« tbarofisro lo««r rangoa 
•saw oat ftroB tho tatrgot aaslal. MLa a s i i i t a fbr Mat of 
tho roat of tho aii lt loaal anpoHaaait ally itbaorrad low 
tratka. Tho MMladag air, baa f a i t bo atolviNitad %• a$9iL3LtMjm 
aMd ftpofaoBtatloa yvodatta tho dalalla «f ablab aro b y sad 
tho soopo of this vork* 
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Returning back to th« region aiboye 150 aiorons 
a further eonflmatloa ef the above obtained Talttes of r 
and Y^ hacre been done e* glrea b«l9ir. 
Froa the experlaeatal histogrtfi ve have eibtaiiied 
the aurre eheiifiiig the arerage behaTiour of the Bniber 9t 
eitf.tted particles eorrespoading to different ranges as In 
Fig* ^•2(e)« The theeretloal raSjaes vere dbtaiaed bx rweriag 
the «haiiig«dilt yartfieters of T* and f^ and sve^ l^iHE t^ir the 
ifhele rang* bj the soovKter as aireai^ ar explained and thsn a 
_-test 
best f i t vas obtained b y t v * The bset f i t Talites of T and Tj^  
are again found to be as follairs t 
T« 3»« MtT I Y^^ ml MSVl Y^ «2.5 MeYf T^ ^^  «2.5 NaT 
These Ta3nes are f annd to ba the sane as the 
already attained TaSnes* 
We haTe alrea^ deserlbed that the track vldth can 
be need as a paraneter vhleh helps In detemlning the ftpe^eney 
of eadsslon of a partlenlar type ef charged particle* To arrlTe 
«t a neanlngf^ «(melnslatt ve nnst kasv the acrerage Talnee nf 
widths ever a range ef the last 10 nlcrens cf the tracks 
prcdnced ^ different partlclec* Mr this pnipcse ws haerc nadc 
a ccnplLete trask te t r n ^ anaSjsls cf fll»ont jTOe ntars* iroai 
these ve h«v« taken v e i l IdeMtifled r^yfo tr^HM «f diffnrcnt 
types of particles step^Elag In the aamlslim fhedr arerage 
vldths over the last 10 adherens of the trai^ h«re been detemined* 
1 rrp 
Ottrt" results ar« glT«n bvlov In tabl« h,h. -^ '^ " 
••«r«c« «zp«rjljuatal ralues of traOk widths of 
diff«r«iit yirtiolM «bt«lBod for tho last l o / i rsngs* 
fartittls ATsrags width in alsroiis Ststlst ioal 
ffrvtsn 0*59 t •PT 
Dt«t«roa 0.<^ ± vO? 
TrLtoB 0*81 1 •I 5 
9lMni 0*96 ;^  .17 
Mors thtfn 1 0 ^ trasks VIIMIO sonroetod Bosibsr sKOssds 
5500 of rangss Isss than 2 • • vsrs sslsstsd for tho width 
••asiir«Mat lA an latonral of 5 alaroBS sn tho last 10 alorons 
• f tbo tr«iks. A hlstegrip was than flattod batwooa width mA 
•Hribor 9t traftks* Tho width distrlhutlon against paroostago of 
••oats oibtaiBod has boon shown in Flg» V.6* Tho hlstrogrtfi shows 
yoaks ooenrlng at throo pla0os» svggosting that thoso poaks nior 
bo acttrlbHtod to singly» dsnblj and nnltlply ehargod paortielos* 
Tho first and tbo largost poak i s dao to a s i9«iaposi t i« i of 
diffaroat tTpos of singly ohtfgod partioloSf nmtOjf protom* 
distttorons and tritsas* Tbo c^oriBOBtallar sibsarTod widths 9t 
thoso partieios «ro 0*59 ^ '•?>• t 0,^ ^ •&T jm md O.tl ^ •^3/ti 
rospoetiwilsr. Tbo «vor^« • f tboso tbroo walsos saaos ost to bo 
0«i8 ft, • This wiltto «roos roi^saJiay won with tho looiftioci «f 
tbo f irst poik. Sinilar23r» tbo sitiaid poik sitaiMd «fc 0«ffi9/i 
i s warr notfly s^sal to tbo urorags pMt l a l w • iHwi imam ospari* 
•oatal Ta3B0 of tho width of doabljr obtfgod partlalos. Tbo third 
poik m^ bo attribwtod to tho roooil ansiolt fragnoBtatioa and 
spallation prodaets. Mij qwaBtitatiwo ostiaa^tion of tbo protests 
l.'^G(b) 
Percentage of events 
OJ en ^ 






auisoelatttd with th« third p«ak i s out of th« soop« of tho 
ppssflot voirk* 
It i s , hmtwmrt of e«isld«ra^l« iiit«r«tt to disottt* 
tho adbiixtttro r«tio of siagUt dottbly and maXttfUj oh«rg«d 
psrtielos oB th« basii of vldth diatrilmtioii of rtlstiToljr 
•l«f ••ooBdarx frodiMts iibsorvod la tho prosont iiiTMtigaitioe* 
9tor tills ptf9099 vo ii«r« e«9«r«d| nitli tht hiUp • ' (^ li^ s^ Mflp* 
tMti tlio «qp«rls«Btal width distribstiM with tli« th««r«ti««i 
distrib«tiOK^bt«iiiod uadtr tlio assa^ptiom of d&ff«rant adalat^f 
raSkiM for protons, dsutsroas, tritons, HtfLim tfid sthsr MliAiiPtSr 
hsacvior nMlsi* Ths thoorstioal distylb«ti«ii firastioas for pretoSf ! 
dmtsroa, tritoa, aUlm and •tlisr anoisi htcwm boon «isuasd to 
lis aomal distribatioB ounrss with tho wwm TSlaos of widths 
• fsal to 0*6e , 0*65 t 0*81 , o.f) and 1«05yii rospootlToIy. 
9o hogia with wo haTo startod ATOM tho naroallstle 
assaa^tioa that all tho aaittod partielos aro protons • Tho 
rosttlts haTo hooa sh«m graa>hieal}y in f ig . ^•7* Zn tho baek« 
ground tho oxporiaontal width distribatioa of Tig. N>.6 has also 
booB glTtfi. Tho dlsagrooMont In tho fltaoM of tho oarros with 
tho hlstograi wtfTtfts for takiag approprlato ratios botvoMi 
siagly, doiiblx and aaltiply iliargod prodssts. MO ha:vo grotsTly 
doeroasod tho poroatttag* • ' ^tagij «horgod partioloo upto <5 )C 
and roplaood thoa with doubly ^argod oats. Pig. U>.S shows m 
iatoamodlidfro positioa with 70% 9U^^ «hargod partlAlos and 30^ 
dosibly ohargod partiolos. Tig. k^9 •>••• tho fUa l s t ^ o • f t t e 
bost f i t with 65^ siaglar eh«pgod ptft is los , 30)C dsi^lsr ttargod 
partiolos and 5 % othor hoacfj aasloi. inx < a^Bgo oa 
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We haT« farther extended the sane method and 
tried to separate protons, deateroms and tvitoas oat of 
the slaglsr charged particles daring the coarse of oar 
lanrestlgaEtloB. Althcitgh dae to the relatlTely larger least 
coont of 9Xt aeasorlag iplerosoope no far reaching accaraiqr 
can he clelsed regarding this separation 7«t« at the swe tiiM» 
I t Is of eonslderdble acadenlc interest hectfise of the fal^ 
agreenent of the estimations vlth the result of other voriMrt* 
The results are shcnm graphically in f ig . H>.10. The best f i t has 
been obtained \jj taking k$% protonst 15^ deaterons aond ^% 
tritcBs* 
Thtts the final analysis of oar sample of lev 
energj seeondari' particles shoirs that the host agpproxlaation 
( X -^minlaam) comes oat vhen ve take the percentages for 
evaporation prodaets as girtfi in TajBle ^••5* 
PareeDtage of emitted prodaets In the process 
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TlM iMigtltrealettlatloiM for th« IT* fldalaaa t««t banr« sot 
b««!a iaeajttdcd ia tli« t«xt of this liork 1% «rd«r %• 9tfff wptmm* 
¥• htift hmmwmrf glT«i t]i« r«l<np«iit gruMv i» Hf* ^v? to >»ilo -
Tlw foUovlBg tablo giT«« an id«« «f « « y w l t s ^ 
VOlA«r« In our la^ttPcUvgr: (see Table ^ . 6 ) 
III «rd«r to datcnaiM wk«t]i«r tb« tfva^ratad pirodatfts 
•lioirs «qr yrofwrtaeo for a partiottlcr dlraotloii oX isistlott, 
vo li«fo di^ondJMd tlMi forward and baolward ritlcMi of yrodust* 
• f difforoMt r«im«fl« Thia IIAS boon dcma %3r <lr«fliii fra^lis 
^•tvoatt BiBiNr of yartlolao of irarloiui raagoa rmpmtm tlia oosin* 
of tlia apaiio anclo of th«ir avtasloB* Thoso Igri^ hs li«ro boan 
•boim %M Vli« ^.11-^.l^* Solid liaaa aifcoir tha oorrootod 
of frodoota viillo ttia br< r^«i linos shov tliar vooorrootod 
>• Titola h.7 glTan bolow ahomi tbo aibtsliaad roottlta ! • 
•ggrogaft*. 
yoivard Ad Baitfkirard oadoal^i of oraporatad yraimttt 
Raago ifltaaN> 
• a l S» aUvoi 
0 • 10 
10 * 100 
loo • ^ M 
500 • 1000 
1000 
mmmru 
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The ciboTe tal)l» IndlcatflBthat th« «alsslon of th« 
prodaete sppe^rs to b« tf7aa«trlcal in th« lalsoratory systtfi 
shdvinc slight pr«f6r«Mt tovards th* forvftrd dirtotloa* Tht 
rangt Interval 0*10 alsroiis ••inly carf9p«DA» %9 th« trasks 
f<»ra«d by th« r«coll of th« r*aidiiai iflMl«l nul talssioa ^f 
h«s(f7 fragscntt. In this rang* liit«rral 0»K« Sao' «t aX* 
hKra TWpwt^d a r«ti9 1.0 ^ 0«t8. Xt 1« to ba notoA tha:t tlio 
«as« of paPtlelas aaittafl in tha f ir t i s i ago of tho aioiotf 
dlolittogra^loii i . o . f tho *faot ps'ooois** oaooado yvoteots 
roBo^ oaco3jitdo(2 f^ roai tho iboro ostiliiglKioii IVott 0*1800 Hlerowi 
whleh la tho ettt^off Taluo for or^ gporitkl^ ii piroooas* Tho '^a^ 
prooosa « oaMado prodoota shov % dofimt poiftdjig In tho 
i n w forvtfd dlrootloB aalEliig a solid ooao 4bo«t tho diroetioii 
of tho laoldoiit priatfT bow* 
M atiaapt has boaa Bado to find out vhothoar tharo 
oxlats Jtt^r eoFTolation botvoon tho rosldoaX rango and F/B 
ratio « ilthcMgh vo htfro aot found mar o]rsto«flftle TtflatloB yott 
vo h«ro boon il^lo to uao tho «v«irago asjWMtvj In tho OMlsoloa 
of tho tXoir yrooosa pirtloloo for an ootladfeloa of tho «p«raco 
fofvard TOlooltjr 9t oi^iporatlag molol la thto noait Ohaptor* 
Tho first hiSMor traifik vas Asarvod aaring '^Osnlo r^r 
•tadlos la anls loa bgr «)Mhiallai mtA 9mmtl^ la 19^7* I t vas 
a foiiad to bo a t l frapioBt vhleb ^aA «iiio to root la tho 
ownlsloB doe^roA into two ilpha psrtlolM* Both thooo alylio 
pcrtlelac xaonrod oq i^al dlatsttcos la oppoolto dlrootioas, o«ih 
porpoadioiilar to th« patroat traok. Thfos tho oad of tho tr«sk 
was s i m i l a r in shape t o a hammer, hence t h e name hammer t r ack 
1C2 
vtf glymn to i t . Farther fltudiM hy oth«r verk«r« r«T«al«<i 
that 14.^  f B and Bi also glva rlaa to li«ni«r traoks in 
a 
addition to U • Tho appresdaato patrotntago of yrodnotioa 
flpo^noner liaa boon oaleulatod by a* B«nitfni ot al^ and 
G.O. Ooka ot al"* Thair roaulta aro rtMim la tablm h.B, 
Xaroantago MilMioa f^ rovianogr of firaffMHt* 







It i s a proooss of two*body doeiqr and haaoo tho alpha partielo 
trafiks aro eollinoar and ara of 09in^ rangoa* 
Tho dooior MliMO of U ^ i s 
9^2m^ <^.9) 
I t i s a tteoo-«o4br 4t««r prossss im tiM fiaal stago and t l^ 
alplia ptfrUolas atf urn •s l l iaoig vitk 
Tko dosir •Mi«M • f B* i s 
s - ' s : ^ ' ^ * — ^ » « * <^ -^ <») 
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o 
B tracks haT« a special typs of taiperlng snds vblch dist-
8 Q 
lattlshM thffi from tli« iMnr* tvo U and U7 tracks. 
TlM seli«i« of dsoaor of I t i s 
.8 
•3 A.Ak. • * « . ^ 0«8V aoo. 
.8 
^ t ^•11) 
811100 m OBdorgooo dooiblo dtoiqr I t sbovo two 
olootrMi traeks at tho b«nor hoad «hlA dlotlgnl^oo i t ftroB 
al l othor h < i i r traoks. 
vitlMiit amr «ttOHpt to oopsr^to dlfforont tjpoo of 
fragnoato tho oeoarroBOo of tbo hmmmr traoko vao notod dHrtJii 
tho ooarso of our ozporlBoiital vork for aoro than jOOO it«ro 
and tho trmpLmaisy of ooowrroneo has boon found to bo ^^  0*01^«0011 
por meloar dlolatogratlon* This roottlt appoars to bo ooaolstebt 
with thoso of othor verkoro of this flald* Tiiblo W>.9 glTos an 


















1.3 * .1 
2«88 1 .30 
2.90 ^ .10 
2.27 ^ .6^ 
1.00 ^ . t 1 * 
• •or traeks 
uerkoro 
8 .J . Ooldsask ot al? 
A Bo^dolff ot til!® 
a. BtfOMMB ot ^•'*^ 
NiM X* lariur ^^ 
• ^ • * " ^ 
It Bigr bo polntod o«t thot tho ohtfigo la tho 
•aliao of tho poroontago flro^snor Is folto ipprool4»lo vlth 
tho flhaago la tho typo mA •aamtw of tho laeldont botfi. 
1 . 
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CHAPTER V 
LOW ENERGY BLACK TRACES 
1G5 
g 1 4 ? T f n I 
im imsx syci WSSL 
Th« «rap«rgti«B tpvetvini sbovs tfi «qrHptoti« 
b^tfrloiur towards rolsfelToly higher oiMrar site* This 
sttggssts that in this region ths partlslss yrotessd 
dnriag ths«slow ptroesss" of sviporatiaa «v«trlagp «vsr those 
prodoesd daring tha *Yast prooass " siaea thair aaargias 
ara Tsr^ eloso to aaoh other* Beth these tjpes of partieles 
mtgr be pot ia one egtegergr of "Lsv aieegj' Blaek TraSks**. 
While the srailahle literature i s rather anrer^flooded with 
studies of fast partieles, tha stadj of the aibo^ e aeRtionad 
low energj pedrtleles has reeeiTod l i t t l e attention, ve ha^e* 
therefore* deterained the Tarioas ealasion eharaotaristies 
of these relatiTel7 slower partieles bj analysing 708 stars* 
with \^7f to studr the prodaetion nwehaaisn of low anergy 
protons y denterenSi trltoas and BAiw snelei and hi^ re tried 
to establish a eat off Talae tvr the eriyoratiaa range • The 
resnlts h«fe he«i presented in the sneeeeding seetions of 
this (Si^er* 
ve shall disenss in the felleviBg seetions the 
enission eharanteristies of low eaergx protons, dent or ens, 
tritons and fltUns mttlei with nimeiiia lying between(m>»2M>)» 
(a50->>75)* 0^75-725) « d (500-1^00) lis?/e re^^eeUToly. For 
1G6 
dttwralfltBg thm Milsslwn oharatsrlstlos of ptotons and 
d9ut«roBSt 582 stars vlth l^^7 li«r« Ussii aaalyasd and for 
ata^ g^rlag tba eharaotarlatiea of tritona and ]|»lli«i imaali 
an aiialysla of 708 stars vltb tlis saiM dsseriptlon ham bsoii 
oarriod out* All tlis rslanraHt details of this socpsriMsiitatloa 
sttoli as ths ««thod of tfamiagt prooodsro of s^arattUic sfTsnts 
duo to light(CfVyO) and iMi^ (Ag* Br) groups of anislolf and 
tlio aothods of msasiira»«nts haTo alroadf boon diso«ssod la 
tbo oarllor ebaptors* i^ o batrof tboroforoi oalgr glTsn bars 
soao of tbo iaportant rosolts along vltb our eaanonts. 
It bas booi found tbat alnest al l tho doubly 
ehargod partlelast bacvlng snorglos aboro tbo oraporatlon rangOf 
Idaotlfiod bgr us aro of nass nniribor tbrooy that I s , War • I t 
bas also boon found that tho j lolds of trltons and BaUun 
nuoiol la tho onorgj rango 50«$00 MoV aro noarly oqual* It 
najr bo notod that for prosentlng tho rosults on tho doiiblx 
obargod partlelos, at prosoat, all tho Idsntlflod traoks 
b«ro boua takm to bo duo to BII^*BUO1«1.^*^ AS things staadt 
all tho oiporlaantal offorts domm so far ostlaatlng tbo 
rolatlTo dMttdanoo of Bs^ aMd Bi^ bars aradod aagr dsflnlto 
In a soptf i*o sootlaa vo b«ro« boworir« aado tfi 
attiiBpt to distiacaisb botvooa tb«i la aoaaaatloa with the 
aatlaatloB of tto ««t««ff •aSao f ^ tba ariyovi^laa fvoooss. 
Thus la tho saoaoadlag sostloM vo ^ a l l yroaoat tbo salssloa 
charattarlstlos of rolatiToly siowov C*}- «^40*3) protoas 
dsatoroas. trltons and Bi^*an«lol* 
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9r tfiaSritns 5iS stttrs v« li«r« famd 107 traeks 
of yg<i»<MMi» nitli ««MBt«i 1ms tliaii 2M) MiT/o, soltal)!* tfid 
2jiJ!« «Uiid«r aar ••l«e%i«« cutarioB* Afi«r ^plgrlag «n^opriat« 
•arr««tlQ«s for tlio VBroglotorod traoksttbo noibor of frotoao 
liooaaM o(|tt«3L to 37S* T1d.o glToo tfi ylolA of 0*65 ^•Oi for 
•tar. 
Tho watbmt of doatoroso vlth mMMBtmi lost than 
V75 IfsY/o aOtvaUy idtntlflod vao 50. f3B nguplyiag igpfropnato 
eorrootlMis for tlio gooMotrgr and othor lossos tho eorroetad 
BmAer )>oe<3naa 168* Tho fj^ oquoney of lov onorgy- dootoroBo 
tho* otMiaa sat wO h<i 0»29 ^ .Q^ par star* 
As a rosttlt of tho analrsls of 708 stars, 26 
TrltoBs h«vlag •osoBtvn loss thaa 725 MsV/o haro haoa oibsorvod • 
Aft or ippSyiag oorroetlons tholr wabw? hoooaoo 97 • glfiag 
« MlssloR flPOfOBcy of 0«13 ^ 0*03 F«r star. 
B j>. n r t u f M a r ^ u - M M H I t 
M^ tax 4i tr«HBi of % ««Ml^ h«viig MMiHiVi loos 
thM t500 Msv IMVO hosa Obs«rrod* mm tho oonrootioa factor 
Is i»pliod tho BBribor hoosaoo HI • m a gtfos «i jdL^ lA of 
0*32 ^ o.M pm stiff* 
ThBs wo h«ra ofesarrad theft tho tfilasloa f)rofit«noloo 
yar star of protoast dovfcoroiis mA trit«BS «PO la tho ractio^ 
of ^i2t1 i9proziMato27. Tho MdLsslaa lyo^oooiss of doati 
and Ba -asolol aro aoarSar sjial hat tho srlold of tritons i s 
168 
iiist half that of Bs -xmolai. It MSQT ba notad thact alnea 
tha fx«4(t«Belaa mt aalssloii af davtarona and Ra -amoial in 
tha tfiargj ranga of 50*500 MaT hara htmi^ faand to ba aaarly 
aq«aXy tha ylald of grflgr trt.tasui la , tharafora* ralatlTaly 
larf«f as aoaparad to thi^ of daeSblj ahargod yartiolaa* 
5A. MWfW^m Mfftymntflf * 
A- n9f«^¥i T>iytfff»»tjii# ft jfrffteaii t 
Tha aoaaatva dlatrlhatloa of protoaa vlth 
•omaiita ayins la tha raiiga(tHo*250) MaV/o ha* ha«i glTaa 
la Fig. 5*1 >A« It mgr ba aaoa that thla dlatrlbatlon la a 
BoniO. oaa gtra» bjr* f Ci>» ^ «xp I - ^ " j " ^ I 
<rj Sir 1 2 <r-^  J 
v h ^ <6-->0)* Tha valita of tha saaB BOB^rtm of araporatad 
protoaa ooiaatf out to ba 218 ^ 10 MaT/e • 
B* i^<rgtxai Dlatrlbtttioa of Dontarong t 
Fig* 5 'I^B. glTaa tha iaoaantm dlatrlbutloa 
doataroaa having Talaolty ratio P » j[ ^0«3* Tho 
eorrospondlag laaataatioi ranga la(25o«^i^> iiav/o. Tha dlatrlb«« 
tloA iM «pproxlBataly iionial vlth Ita paak sllghtlr Milftod 
tovards falghar soaantia sldo* On tha hlghar anargjr slda tho 
raddoB fa l l ladloataa that tha dantarons now start prodsolag 
grqr tracks lastoad of bXaok aaos* Tho tfrorago Ta3»o of 
•OBintai of thooo daatasroBS hao boon diftanlaod to ba ofaal 
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C. ifqmwitiui DistnbtttioB of Trltona t 
IB Fig. 5*1 • C. ¥• hw 9r«0«iit«4 tfei« aottfitiia 
dlstrlbatloB of irltoM of •«i4ata lying In tii« Satmertl 
h?^ -725 a»T/o. It Is olnrloiiB thstt tho dlstrUmtloa la a 
Bovaal «B«* Th« notfi Ta33i« of IIQM«I^«II of thoso trltoas 
•oMS ottt to bo 576 ^ <^ HoT/e. 
Fig. 5*f • 1> txhibits iho iBoooirlstui (ilstrilMitloB 
of Bi^  .Badt l vhafto aomonta l l o in tho rmkg9 H75 - ^500 MoT/Sr 
Froa this flgart vo fldisonro that tho di.stribtttion i s apr^^ziMt* 
oly ozponontlal* Tho Boan -valae of tkk% BSBoBtuB of •aseloi 
has boon dotorBinod to bo ofaal to 735 ^ 71 Moir/e« 
5*5* TTMJTffffff H^i^yNlt l|^ PMftrti^f^^f! > 
A* Bfc > Pi9^nbqt;!^ Qn of r^gt<fj^ t 
Va helfe dotarsdnad tho flBorgy and tho spaoo anglo 
for ealeolating t}ie valvos of y^ of tha indi-ridaal partielos. 
Tho 1^ • distribution of protons has boon shown In Fig* 5*2* A. 
I t Bav* bo oooB that tho nnibors of protons ineroa^o* rapidSy 
with tho inwoaso npMSjr Btt|i Wm in p^ « Ya3Bos. I t i s 
iatorostlng to Bontion that m BtiLtvoaim typo of b«li«vio«r haB 
boon otossarrod ' in tho otiso of rolatiTOlj faster protons* A o 
aotfi TalBO of tho traB«T«r9o BemoBta of law viorgy protons 
has boon dstomiBod to bo ooaal to 172 ^ 17 Nif/s • 
Fig. ^.i.-a exhibits tho p^ -distribBtieB of 
doBtoroBs* It i s olotfr f^ ron tho fi^ ^ore that tho dlstribBtioB 
i s not Boraal* Tho Boan p^ *Ta3xL0 of thoso doutorons. has boon 
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found to b« «qaal to 290 ^ 36 MtV/e. 
C. p^ »PlgtribtttiQP Qt TTitona t 
Th« trai»rr«r«« ««i«itMi distrltoiitioB fr %rttmm 
vlilofa has b««a plotted 1» Fls* 9*2* C. whmm tlt«t tk« dit tr l -
Imtion i s a broad«r oii«t that la a l l TaluM • f fu. m% •fttaUi' 
probiibla wltli tha axoaptlan of trltons of i | •MpaMBta 
having Ttfy low TalMO !•• • vyto 100 ifi>?/0 • 9iM wmm •aX«« 
of 1^ for tho low oBargy" trltona ooKoa out to bo k^ ^ 59 MT/e* 
«^ l\. - TAtftTtm^^o^ of ^ ^ Bft9M s 
Tho tr^^rtrso a^antum di^trilmtloii of Bt^ .^ .^^ 
haf bean (llfplt!>jad in Tig. 5-2*X>« It ndsr b« aoaa ^!Kt tha diat« 
rlbutloa Is % somal on«. ?ha aaan p^ - Tgltta of SH^  •miolai 
bao ba«n dntarslaad to b« o<iaal to ^92 ^ 9 lfoT/o« 
Tt i s w«nrth eianti-^ ftSjns t>*9t tho nean raluaa of 
p^ of prot^ie, daiitePoiMj, trit^ns and • x»el«l ahow 
ylalng tronda vlth tha inereaaa in tha maaa of tho partieloa. 
A aifldlar bf^ ^nrlofar ha» s^ lao boon foumd for tha partieloa 
nhoao Toloeltiaa l i o Ic tha intaenral 0.3 ^ ^ r<, 0*7 ^ . Thlo 
findlBict thaoraforot roroala that tho baiiavia«r of p^ la tho 
9sno la both th9 esaas* Zt mmsr tOjBO 1M aotod that tho aaos 
dopendaaco la tha proaoRt oaao ,is laov* stTong: iO oanptfoA 
to tho othar 6s)aa» fo<r tho "wtOnm of a in thlo oaoo has boaa 
fooBd to bo '^^ 0*9 vboro-10 for roHollr^ly faotor partieloo 
tho vilxo of a haH boon roiMrtod to bo ^^ e«5i i^ NTo a la a 
oomttfit appotfii% ia tho OKprooaioa s$:Ham ttM» dopondaBOO of 
^ 1 ^ OB tho p«crtlelo ynsr H aoqprooaod l« aait* of proton aa^Sf 
that l a , 
J; 
171 
It Mij b« not«<i that F Is also a eonstaiit. 
5*^ « Ifflrtt^4^fla3i lt"lfffllMb,J(>t M^ft^^^iSSSL t 
A* n^  > i>igtn>«tj,0ii of frnm^ t 
9if • 5*3- A4 ttdOblts tli« l««gl;t«ajiia 
MtMtBtiia dittrlbiitloB of loir mmtgr vr^%mu* Xt i s SMB firoM 
tho ftgttro tbact tlio (li«tylb«tl«B i s « a in i i l <«•• Tlio « • « 
•a3ao of 9^ for yrotoas ooaoo o«t to bo l id ^ 15 lf»T/«* 
B. p^ * Matyibqtloq of T^ outoroiMI 1 
•Pho lon^ltndttaal. iafl«i«nt\i?i dil?itrl"btttlon of 
doutoroiis htm boon sbown in Fig. 5»3»B. TMs dtstrlbation i t 
fClso a aortal, ono* The vislue ef the nean longitttdajaaX soaantiiB 
of loir 'wvrgx tfantorons has boon dtetenHnod to be oqaal to 
19*^  * 28 MeV/e* 
Tig* 5«3«C. oshibits tho loagitiidlnal •oaoBtiBi 
distribution of tritons. The fignro roroals that a l l tho TOIKOO 
Of p^ are ora l ly pireibable* Tho Beeen Talao of pu oosioo ont 
to bo o^vial to 269 i 39 lioT/e. !E1io tirop in tho snibor of tritoBt 
•B tho higher p sido iadieotoo thct tho high loagitBdiaal 
•oBOBtiui Tiluo t r i t^n stgrt prothioii^ grtgr trosks iaotood of 
blaOk OBOS. 
ZB Pig. 5*3 »• thm Wi -distribMtioB of ^^.^Holei 
htm booB prooBBtod. This 4istrtb«li«Bt lik* th^ of tritoM, i s 
m broaA one aod oveorx p^ TSIBO i s oqaaUy likely* Tho BOOB 
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•alB« of pj^  f^ ir«^  *iMol«l ooMM out to b« Vl8 ^ 29 NoT/e. 
A tort of out-off Taluo ha* boon ibtal—d ait p^ wwSUm • f 
900 mr/Q slMwiag tfci* db«fo this •«]»• »«rlmp« «IMI 9i«ia«U«i 
of grior iMito«i of blaik traitka ttartii i* thtm &%mm* wt litfro 
iNimnnro4 ^ d tlio aoitt vOM t tli« liwultwififlt • M i l l . i« 
stYoBglir «i»«ikta«t OS tko M I S of tlM »flrtUU« 2% 
0« BMO 10 N ' ^ ^ • 
5.7. i " 1^  ' . 1 
PItlffliliUffi ff fttlfflML > 
TIM «i8«L«r dlstoibtttioa of protoM ki0 
mhmm in Fit* 5«^A« Z% la o^/wimm thi^ tbo OBIMIOB of tliooo 
yvotowi i s lootrofio booiMio tiM MiiNfr of ptotom la tlM 
fonrtfA «A borinrord Airootiowi «fo iSaoot ofoal* Tho mmm 
tfiglo of oBliaioa of yrotoao io 8t«2* ^ 1 cO^  oad tho fowrord 
ri^io, thok lOf • { » » 1.05 ' 0*ao • 
B, iMiltf PWyaWltffI 9^ PlWlfTfM t 
9lM OBf«l«r diotrlbMtioii of doBtoroM ba* boon 
glTOB la Wig* $*h* B. fsroB « M flfiapo i t lo oloir tbi^ tb«Po 
v o Boro dontoffo— &B tiM ftovopd divooULon «i ooaparod to tbo 
Tho WHU tflilO o f OBt—loa Bf JOOtOIIlM b « i 
d o t w f •< to bo OVMA to H^ ^ 1«1* « d tbo T^UO of 
—{» 0<MMO out l# 1A1 ^ #|5» 
fU# $*^ e# givoo «M tfwOBP dUtffiMitlon of 
tvitoM* xa tbio ooM «o b«ro fMBd thift tbo prdbMUtj of 
oaloolon of tntoM ia tbo foword dirootioa &o bigb «MK«b «i 
to tbo boikirard divooti«a« Wo b«ro oolMlotod tbo TOIMO 
172 (lo) 
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for th« ••an angl* of cadtslon of tritons to bo 78.0^ il*8^* 
tho forvtfd to biokvsrd riM.«i$ eoaM ovt to b« t*l5 i* 9^5« 
»• iwwlfr I4lrtlm^^yft ff fc^ -w^lrt I 
IB f ig . 5«^ *I>« v» liflcro yrosoatod tlM «p i l«r 
dlctvlbatioa of ••^-oaoloi. Wo livro fOMBd • V U M vf i t . 2® <^  1*0* 
for tbo aoan oaiiiloD mgl9 tw Wr *maXil tmd tkm foivord to 
bo0lar«rd r«felo eoaot out ast «--£* «2«50 ^ .TO* 
B 
CoBBOlidotiag tbo iaf^miatioBB pronrldod hj 
thoso aBgolar diotrlbtttlMts ono aagr doflTO at loaot tho folio* 
viag t]vo iBtoroBtiBg OOBOIBBIOBS* 
(1) Tbo Tal«o of tbo BoaB odLssloB aagXo dooroaoot idtb 
vltb tbo aais of idio yavtiolo* 
(11) SlBoo tbo ratloo -*^ — for protons, dontoroBs 
B 
trltoBB tfid BB^-Boolai aro 1*05» 1»M, 2*25 and 2*50 roopootlroly, 
tboroforot tbo probaSMbUtr of oalooloa of ipartloloo In tbo 
fttrvard bOBlopboro laeroaoos vltb tbo aaso of tbo pan-rtlolo* 
m ordaar to lanrostlsato tb« rolo pl^rod bgr 
Aowor, graqr tfid blaok traBko^ vo b«ro dotowrtBod tbo «v«ri«o 
flHriboro of Bhoir«r» gMr • ^ I B A iBd boBrlly tort i t Bg traBkB, 
^K> • ^ V • ^V" - ^ ^ V ^ *» •%«» FroAwlBg 
tboBB troiicB md fi«p idOL otbir tiara* ThMB TdteoB b«ro ^ooa 
glTOB iB TitolO 5*^ * 
tde»lo 5.1* maw T^l»og of ^^ . <M^ . 
< V > ^ < H ^ f o r t b o BtoTB BTO^WlBK BTOtOBB. dortorOBB. 
17'\ 
trltoni and m?" imcltl ^^ ^^^ i^], oth^r '^ HT" « 
8t«rTyp> ^ 1 ^ <1^> <:n,> <K> 
atmeu prtMbiemg 7*7V ^0.28 5»1^*S3 13«14^«37 I M l i O A S 
A l l • t lMr t t t f i 7.07 ^ • l a H^.30^«09 10«5t^*1¥ 1l^.82il9.17 
UjJJ jgJ** * *^ 7«21ilB.33 i».8940.3O 1t.f5i||.%5 17-75^.ya 
H I «tlMr t t t f s 7*t7^«11 %«3i^«09 10«7t^.17 15«11^«17 
t m S m T * ^ * ^ ^ ^ 8*31^.1»> 5 . 5 2 ^ > 7 I3.«0i0.7^ 19«32^.M 
A l l cth^r ctsrs 7*13^«1^ ^•38^«08 10 .83^ .1^ 15*22^0.16 
5Jj^yS?***** 7.Vf*0.3?^ 5*72^*30 1V.55^.H8 20.27^.56 
A l l fftlMr stars 7.lMb*11 ¥.27^*09 10«5V^*1^ 1^.80^.20 
I t mtgr b« • • • » tttm tlis abor* td ) l« that tli« ralaa 
of <C^gy rmAna yrMStleallsr oamtaat i s a l l oasM •zoapt 
tliat in tha oasa 9t t r i t«B yrad—Ing stt fs i t s Ta3»a is sl ightly 
largar* This rasiat sagSMtiii ^9^ sbsvvrs d» aot eaiRtfihvts 
towards th« fvodsetian «f thsss iar t is lss* 
Ths Talas sf <[ Vg> U »—liOrd^ly hUhar i n tha 
•asa mf stars i s ^AU/h t ffttMs «4l m^—slst ara prodHaad 
a0 •aiiparad t * i t s ssitao^mHHj T^lKt ftr a l l •thar stars. 
This iadia^as t iMt th# gr«x tr««ks yroibidlly g l ^ thair rolas 
iB tha cidssiaa of t r l taas m± m? 
17S 
i n th< eas« •t blafik traokSt «• • • • tihat t l |^ 
•a lAM S3f alMost eonttaiit l a a l l OasM. Bttt i a t M « • • • of 
livflfvlly ioniilwg traeks iff f ind tlisfe t)i«»« i s an iLmvmsmm 9t 
heiiM tlia Ta3»M of < ) i ^ > for t i l toaa anA ni^-«Ml,ai yMte^lag 
• tars as mH^arsd %o tlia eorrsspoadiiii^/jnir a l l stksr sttfs« Fraa 
this f « t t vs Bior Mrt^vAs tl i i» ills stthmssaant of < 1 ^ > 1« 
rslfttsd vl t l i ths pr9dB«tl«B of botk t r i tMW and n^-onslsi* 
XB irdsr to imrsstlgats addttlonalljr ths rols pliorad 
i n ths yrodttOtieii «f varlovs partlslss %j tlis pt f «s tsrs 
••Btioasd i a SsetiSB 5*8 i va >iaer« sada as attsopt ts dstaralBs 
tbs dspandaaes sf tlia aaaa tHlssiaa ftrs^aaoar i <if!> $ on ths 
•alttss Of < l ^ > , <C%y and < l ^ > as ve i l as < H 3 > , 
Tor this porpoBs vo banro dotoralBod tho «rorago 
j ioldSf <ity , of protonst ds«tarowi« tritons and Bi^<-melsi 
i n diffarant <1BL'> intorrals* Tlioso variatisas li«ro boon plottod 
i n F i« . 5«5*4« Zt a i r 1 ^ Asorrod tram %h% ftgnro tli^t tho dopoad* 
saoo of <^f> i a <CiC> ^ •«tfi •too i s o l iaosr oao. oao aigr 
Oao aetioo tH i t tko irt f i i^isa of < f ^ > v i t l i < V g > «»oors 
to Ho ^ o f astoot oaot i^ >i3Ui i » ^ ) M osio of pgilsas tuft* iravii^sa 
i s T^tXtYtOj slomr* VHag t lM iosot S^UBPO aothod «o ktfro f^aad I 
that < ^ f > tfid < ! , > satisfy tho fsllowing rolrilioaoUps I 
< f , > • 0.31$ • 0.#i^ < Y > . • 0.1) 
r\ 
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Fig.5.5(D)- Average emission frequencies of different particles versus<Ns' 
< f ^ ^ « 0.2»f1 • 0.017 ^Wg^ (5.2) 
<' f^>« 0.035 • 0,022 < H g > - (5.3) 
<; flj)>» 0.0?2 • O.OW < « g > -''<5A> 
yartielM has b««a pr«««at«A in f&g* 5«5*B. It i s • • « ! thail 
tlra inorstttt is<<^f ^ la saCh eass with <^1||^ 1* « llJi«tf 
WIS. Th« follavii^ rslatloB* h«tir«tB <!^^^ «*»* ' ^ ' t ^ **'• 
hMB d«riT«d «B th« basis of tht Itast s^are f i t vathod. 
<^fp^ • - 0.150 • 0.077 <C%y ' ' ' (5«5) 
<^f^^ • - 0.109 + O.oHa < ! \ > (5»f^) 
^ f - 3 ^ « - 0.298 • 0.061 <:!^%\ . ' (5.8) 
Froa tha il»ova rslatisas OBS mior eonoimds that tha 
iaoraasa i s ^ ^ ^ ^ vith <[^  M^^is tha vsakast i s tha oasa of 
tritons vhila for protons this iaoraasa i s ralatiTaly slovar. 
0. variafcioa of <r f > ifith ^'iK^ t 
WO h«ro pfM9Sk%%4. tha dap^ndacca of <^f^aa<^l^ 
for protoBSi dantaroas, tritoas and i^ ^ <»]molai in ?i8.5*5 0. 
Xt has baan fouad thait <^fy^ iaeroasas linoarU with <^1^^ 
for protoas and da«taroBSt vh«roa« tw t i i tans mA m^ HMSloi 
tbo iaeroaso ia <^f ^ i s #i«lrstio« Tho fb&Uwiai rolstioM 
botvoMi < C ' ^ "Bd < ^ ] ^ ^ bftra boon ostii^llMMi » 
<jf^» • 0.290 • 0.0Q < X ^ ^ ' ^-'^ 
< f ^ » 0.200 • 0.1W7 <^1^> (5.10) 
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< ^ f ^ ^ « 0.lO»f + 0.00»i-2 < ^ l C > (5.11) 
< ^ f « 3 > -0*010 • 0.00l»f <C^\y^ (5.12) 
d«iit«roiiSt tritonf, and BB^-attel«i/g|iwii in Flg.^  !^ *5 !>• A 
lln««r relation between the tvo has hMtt ototaiasd fM a3a tlM 
partlelM* It has been ilw ol*s«nred thct tb« aev«rag« MdLsalon 
fV«qii««|f inexHiaStts with the actrorage aaiibeir of ahotfer tr«sk«* 
79ll9iriiig relation* for different partlolee he^e 
been establlehed s 
<C^d> « 0.210 • 0.023 <^Hg> (5.1»>) 
<^f^^ « 0.070 • 0.015 < < » , > <5.15) 
<<^'^^^« 0.211 • 0.018 < f i r , ^ (5.16) 
5.10. Thf Arfr«^ fiy yonrgyd yeXocltr ^^ l^ hf ffflPfTftlflni; 
I 
The etit^ of angular dletrlbatloae of aeoendary-
traoke nior* «t tlaest rereal important lafomatlona regarding 
the eharaotearletles of the traidai as veU as the etmSk oselei . 
J» the present seatla« we here tried to estlaacte the ererage 
fewtfd Toleolt/ of the eriperatlag nnelei vlth the help ef 
the fteverd to b i^taravd rdble Atidasd la sett les h*9 of 
Ohipter XT* 
The fqisalaa of the partleles asst be Isetreple 
la the root sjstaa of the anoleas during the •oarso of the 
OTiO^ oraetloB preeees. The slight prefereneo rtMwa by the ealtted 
178 
particles In the foonrsird (Ursctlon has b««i attrlbut*d to 
th% sr«rag« forward TOlocltx of tho «iTaporatlng imol«i, 
Assodnf; a l l tli« « l t t « d 9«rtlelM to !»• ptrotoiM and 
applying tha iioB*r«latiTlstle Imt •t «oBsarTaitl«B «f MMant-
« • • baetftaa tlia •vaporactod part le lo i «r« sloir aaM « for 
m a l l ^ $^ 6i»i«8 aroHttd tho eo^Hirdiiaa^a axM la aOLl tlio four 
directions of ilia horisontal plana mt tlia t i l l i t am i f kwro 
oaloulatad tho nnrarago TOlMltx 9f tli« •vayoratltti imol*! 
to ba '^^ 901901 vhora C i s tha TOlooitX of l ight in Aroo 
spaco • Thla Talua l i a s batvaaa tha valuas of .01 C to ^2 C 
Qbtainod try othor workars " ^ and thus agraas raasonafltly 
v a i l vitb thair ostiMatioas* 
!»-11 ^t^ft Talma far tho I r f r a t l i m l»o<tosa i 
91g« If. 2(b) of Chaptar IT of oar cspttrlawital 
bistogrtfi shoiring rasidnal ranpra Torsiia eorraoted nanbar of 
traBka givaa us a elaar ont-off Talaa at a ranga 1800 nlortfEis. 
t!»ing oqnatiea 0 . 3 7 } of Cbsgptar i n tha Calcalatod Taluosi 
for this rango* of tho tfiarsT* of diffarant partiolas i s gi^cn 
in Td^s 5-2 balotf s 






A larg« aMOUXit of •zp«riji«iital and th«or«,tloal 
lit«ratiir« Is airallabla on th« nult ipl iolt j distribution of 
bli^k, gngr and hoafvltr prongs* Tho st«!klstles glTia sUglifcly 
dlffors tram mthat to author* Attsspts b«ro hmn MMM^ftolly 
maOM to i9pl7 tt^i-^t^lBrnk •mosM Mallng Ji^rP^hmOs tf4 
sealing Itanstlons ]|«r« boon *tainod« I t hast hmtmwmgf b««i 
found a diffleult task %• dfe»«r a bonadtfjr l iao b«tvoon tbo 
•v«»aratlon and tb« •aMado yrooossoo* Tbe snorglos and roslduaX 
rangos for sloir and fast prooossos dlffUso inte oaeli othor 
to wguih an oztiat that thaor ean hardly ^o ssparatod. Mthors 
haro roportod Taluos fron 20 MtV to 5o HOT ^ * ^ for protons 
as tho eut«off valuo for tho arra^oratlon proeoss. Aseordlng 
to o«tr oxporlaontal data,iro haro* hovorort found tho out-off 
•aUi« to oeeuT' at ^^ 19*1» MoT for protons* 
5.12 Sfoaration of W? mA ^ » n u e i l i 
• • doflnit(.eonolttsion has so far boon obtainod as 
rogards tho ostlnatlon of tho rolatlTo aanmdaneo mt and 
ni^ by sacporlnoBtal sbsorratlons. ioeordlng to Appondleos ZZ2 
•Ad XT in tho araporatlon rogloe dLl tho holiioi orvita aro 
Bi^ -Mielsly vhilo aeoordlng to ^thor tftth«rs^*^ tUX tho 
Btliaoi erMits s f sn^rgtos abww^ th« tn^oration r««o aro 
at^-OMlol. ThM v« «qpMMt%od a dip in «IM Um^gtm t So3i» 
•v«iU at the ««t-«fr Talao • f t tM alaroM ef rMidnal rai«o. 
B«t at ghmm in « M fig* 5»« «1M pM*n t W? mA 1 ^ - nnsloi 
haro instnni «f iMing r«s«lT«d» f "^  #ifftood «h«HM3:ros int« 
oao aaeth«r M •sn>ln>iljr tki i i t in aait possibln to siy nhoro 
M evonts sh«tf a daolino and mi^ ovants Aaw an ifewndanoo. 
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5.13. Pl«Ctt»ition of th« vm^ta t 
V« htcrm >••& that th« Mdtilon f^«4ii«aa#M of 
•low protons g dmttoront and trltoas arm ipprozlaaft«]y in tlio 
ration >^ I 2 t t t vhoro-tti In a »ta^ ^ imvolviag tlio 
liiT««tlgatloB of tlM fBls«i«B eii«Fa0torlati«s of volatiToly 
faster protons 9 dsstorons md trltoas tho ratio vas immA to 
Ifto 9 I 3 t 1 rospoetlTolx* Us find that aaoogst al l tho slov 
siaglar ehargod partiolos atossrrod in tho prosont mprntimm^ 
iQ»proziaato2y k^% «ro dscitorons and tritons, vhilo in tho 
othor iiioiTo noHtionod vox^ dontorons and tritons voro found 
to ho approzlnatoly 10% of al l tho f astor singly ehargod partiolos* 
NO thtts B*tioo that tho prodnetion of slowor protons i s sappro* 
ssod as ooaq»arod to tho «cLssion of tho fast or protons* On tho 
othor hand tho prodaotion of slovor tritons aohiovos prodosi* 
nanoo oror tho fastor tritozis* It i s intorosting to noto that 
tho iaoroas«i in th«i porotfitago ot amission of alovM^outorons 
and tritons and tho sapprossion in tho prodaotion of slovor 
protons 9ight load to tho Inforoneo that in SOMO VAQT slovor* 
protons pligr a oore dasdnont rolo in tho prodaotion of slovor* 
dontorons and tritons as eonparod to tho easo of fastor 
partiolos. 
Tho atrorago noeoBta of slov pvotoast dotttorons 
Md tritons h«ro boon fotad to ho< 218 * 10) • O ^ ^ 1 ) a»d 
<576 ^ #^) MT/t rospoetlToly. Thns * «• A»A thadb tho notfi noa* 
«ik« i of tho ptftiolos iaoroaso vith tho p«ptiAo aass in a 
signifiotfit vigr* l ia i lar footuros aro ^sorr i^^ la tho oaso 
of longitudinal and transrorso noaanta of tho partiolos also. 
Fnrthort noaontan distribvtions of protons # ds«torons» tritons 
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and He-nttcl«i ««y be f i t ted by a single analytical expresabn • 
Similarly the transTerse and longitudinal Boaenta dlatrlbutlons 
of difftvtiit partioXes ugr be reproduced by the sane analytical 
Aanatloiu. Zbeeo seeHlng i l w i l a r l t l e i , the re for*, tojnd to suggest 
that probably these partleles akre predaoed through a s l a l l a r 
I t has boon obsorvod that the miaB eaissloii frtfoAMy , 
< f > , iBoreases Unearlj with < I s > t < » g > t < » b > 
and ^ \ y ^or a l l the partleles except that a vuiAztt^tle 
dependsnoe of < C f ^ on < l l ^ ^ has been found in the oaso 
of s lov trltons and He - nuolel* Zt may be pointed out that 
there are four interdopeodent parage to rs* iiaBelJt <C!*s^ t 
a 
to dopend* lOBoe, i t i s d i f f loa l t to ehooso one or tvo pamiters 
oat of a l l the four panoMtors vhiob ua$ be tiikoB as tho iBdopea-
doBt Tarlable for suofa type of studies* I t uay bo stated here 
that i n order to be able to seleot iadepeBdoBt paraHoterSy 
oacporiaeBt should be perforaed at differeat energies so that 
tho vmilation of '^t^ with tho paraaetersi their iBtordepea-
dSBoo aad also thoir oaeriy dopeadoaeoy i f aayy say bo ostab-
lislpoA • lovo'vor, our ozporlsoBtal results shov that '^f^ 
iBoroasos l i aear l j uith < l l i ^ ^ f*' 9omm partloles ulioro-as 
for soM other partiolos tho iBoreaoo of -^t^ idlth <CV||> 
i s «uid«Btio l a aaturo* Ho my» thoreforot la lbr t lHi t< |^ i s 
peiliap* tlM Boot fbaiaaiBtBl oaoag a l l tho parMMtora* 
I t i s to bo Botod that lAilo aa appfwfabo a l a l l a -
r i ty ox is t s botiisoB tbo oharaotorlstios •€ diffbrsat 
3 
particles , the characteristics of trltons and He -nuclei 
18^ d 
mf tmmA to %• ^pito wimXaat* thla %m im tfmtmt vltii 
•feller w9tkm9B^^ 9/t thl* fXtHA* It t«» }ummm% 
t o 90i»t oat tllill vpfeo lotwia. hundreds «f Oi^ ^^ tiM 
X * Mson lM«w« tiio YOiditir of tbo oiModUi ao«il Ui 
t l « i mtk tiMi "iViAliag off««t« Hos MtAUrtMid it««lf m 
mUtimUmlOy solid cromte tliriwili tho aoot ftiiwt iMM!k» of 
ItMOltfl ««rk«M ^ ^ ^ of tlltO fUL«« It htf OIM %0«i diMttMOA 
^ c«o. x»Miii* oi •a*'^ Mid V.&. BoroikoflkMr ofe i&9 
tho oao««io proooos or font prooooo to dofirttoltr folSoiiid t r 
tlio oloir 9r<)Oooo atr fhm oviporofeioQ prooooo oad ^ r 
tlio lofetor no li«ro oliHi ooAtrilNitod oiir bit ttaroiacli tbo 
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c BA gT yR » n 
Matfh of tb« vork on ••agporglbioB vaa doao b«tw««B 
l9^9(nardiBg st.al^ ) mA 19^3 Cnrltdlandcr • t . a l . ^ ) . i f t t r 
this tb«r« qpp«tfr0 to b« m d«artb of worth •vntloadLBg litoratnro 
t i l l th« 9r««<iit tlaofl in this fiSU* I was gvodtSgr iMfirod 
hjr Sap* M« Shafi, frofosaor f Popart—«t of noraietf 41is«rh 
MMiia TliiTorsitjf iligarti to prooood for a ssrstaaatio ot«4r •$ 
tho meloar or^oratioa prooooo ia our Idboratoty in ordor to 
doTSlop a bollv wndorotandliig of tho oabjoot voing tho OKiotiac 
faoilitioo of tho dopartatBt* 
IB tho first obiytor of tho yrosant vork vo ha(vo 
giTOB tho Istost spirt of ro^ ivod latorost i s tho i i l a l o a 
vork aloifHth tho bistorieal dovSlopaont of tho diseovorr of 
tho atoaie aMOloas» •othods of profbiag and sm aching i t and 
roeordiBg aad dotootiag tho products obtaiaod aftor a nmeloar 
disiBtogratioB* 
IB tho soooBd Raptor vo haro giroB an oijiaMStiTO 
troatasnt of tho tboorctisal tfp«*t of tho ori^orgtion proooss* 
Vs hsro also doalt with tho i^^o^da^o SOMspt «f firi^MKtotiott 
and spallatioB* Tho aattor prossatod ia this shiptor iaslA^tos 
•arious fsTMilas ilsrslofod ^or tho asiihsr of orapsrsfeod 
partioios of difforsnt tgrpoSt tbsir M I S S I M ratUso irtdMi banro 
booB QJbtidBod frsa t i M %• %!•• br diffsvoBt iwrhsw of this 
fiold: amA tholr ilopswdSBSs SB •atrtoas parasMtsrs iaf«lTod. 
I8G 
Tb« third oh«pt«r §!••• an sxliagastlT* tr«at««iit of the 
B«thodUi of detection and identification of different types 
of yrodtttfts lUiBg the oMilsieB teetai^te. Ve here foUeved 
tlMse aethodt of deteetion tfid id«itlfioatioa duriai ovr 
«ip«riM«ital voik* Tld^ •hapter also inelades a dieeMalen 
of varloiis parameters aad their uses la tbs IdeBtifloatloa 
of dlfforent types of partieles* A aev aethod of using the 
ptfaneter of traisk vldth has heen adapted for flndiiig th« 
eaissieii fireqaeaey of dlfforent types of oraporated prodnof • 
In the fourth oSipater ve have dsrelopod a ftmnla tm 
tho niriher of evapsratod partlolos la toras of the rosl^ial 
r^Bges of the eaitted prodaots. The Talnes of the ooastaats 
ivfolTod la tho fenmla hare boea deteralnod separately for 
oaA typo af partlolo. 9roa eoHpator aalaalatloas a thooratloal 
spoetraa showiag raago Torsas aaiiber af ealttod partlelos has ^ 
heea aJbtalaod. This spoetraa has hoea ooivared vlth tho eoq^orl-
aeatal spoetraa ebtalaod I7 as. The diserepaaey olbsonred la 
this ee^pansoa has boea partially reaorod by ohangiag the 
•alaos of the two paraMoters » aaa^ly* tho naeloar taqperatari 
Ty aad tho roaatlen barrloTf T^^ • Tho aavarraatod large an*«r 
of the Tofy lav saergy i«o« f rmtj short raaga traaks has 
boon eaplalaod to bo mm to tho roeoll aaaloif firagasatadblsa 
aad spallatloa prodaata mM, ymr l«v iwpgy partlalsB salttod 
dao to flaataiittsas la tha walaaa t T aad ?^ ali«i «]HI proaass 
af avaporatlaa ribasit raalhaa %b# vtaca af ati^atlett* 
m tiM aaao Aaptar «a hava iMdLaad tlai aidaslea 
fyotaney aad tlM ealsaioa peaaaatagaa a# dlffaasaifc ^rpaa af 
prodaets aslag tho slaglo paraaeter of traMc vldth* Tho 
187 
results obtalMd have lieen ooapared «ltb those of othor 
vozkers. 
An •itlamto of ttao dlrtotloii of ••Issloa of 
dlffortnt tjrpoa of prodnets has boon aadt vhleii siiowi a 
ir«X7 Bsarljr sjnoMtileal distribHtleB in ttao Xaikmrmtorf 
s/stoa for 0-10 alereas tamgm Xntmrwml* For tlio OBtin nunfo 
spootiwi tbo aintrags Taliio of forward to baokmurd ratio lias 
boon ostimatod to bo 1*31 i 1 • 
Sio frofiioBttjr of ooovrroBoo of tbo kaaaor trmokM 
idiieta wt bavt O«M aoroso daring our invosticatioBs bas also 
boon roportod and eospartd with otbor woricors. 
Ohaptor T bas oxolasivoly boon dorotod to tho stadj 
of tbo obaraotoristios of blaok traoks* Startinf froa tho 
oaission frotaonoy of tho partieXis prodneiag thoso blaek 
traASt no hairo proooodod to ealoalato tho aoan Talaos of 
•OMoataat transYorso aoswataa, loBfitadinal poBontaa and tho 
anglo of oaission bj plotting their distribations. Iho avorago 
oaission frtqjiioneios for protons» doatorons, tritons, and 
lol iaa naolti havo boon soparatolj ealealatod and thoir 
dopondonoos on <M,> , <»g> » <C»b> ••* <>hi> 
havo boon stadLod. Ut hato also oaloalatod tho afomgo fomard 
• s loe i t j of tho oiraporating oaolsi. Us havo ostablishod a 
eat-off Talao at l8oo aioroas for tho aaoXsar oirmporation 
proooss. At this eat-off iralao «e h«fe 
bat tho po i^ for thoa eeald set k$ rseelfod probably 
dao to lev s tat is t ios . 
Mbilo eoaeladingy a diseassion of tho rosalt 
has boon giiFon • A stadj of tho oalssiOB fro^Bneios shoas 
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that th« iir»da0tl«B of slovnpi^otons la suppraasad aa 
eoq^arad ta tha aalaaion af faatar yratoaa* Slallarly tha 
pradaetian af alowar trltana i s ralctlTaly aava Jwilmi 
than tha faatar aaaa* fliaHar ia tha eaaa af dantaraaa aXaa* 
Tbna va aigr iafar that alawar pvotawi do plior a rtHm in 
•aaa viqr or tha othar to pradaea slovar doatarona and 
trltoaa* 
A ato<^ af tho ooaMita dlatrlbotlaMi af irtfloiia 
partloloa ahov « •vprozUiatolar mUdXaee bah«rioiir fto all 
af than ao aaeh so that th«r •«! ^ flttod hjr a siagla 
analytlaia aqprasslaa* This saggaat that thaaa partlalas tfa 
9rato4l3|r frodaoad thraiigh a aJjdlar praeass* 
It has ansa hosa f^ MBd that If a siagla 
do»aMiJ>Xa parasotar has to ho solootod froa MMagst <^1^'^ 
aataat on <Cj^ * ^^ >^  partfMtar agppaara to hara a slight 
odgo orar tha othars ia dataraiaiBg tha dopoad«ioo of tho 
tfrarago yiold of difforoat portioloa mt thaaa ptfaiatars. 
Tha ohalo of this vovk i s prosoatod ia sash a fara that i t 
air ^ htfiyltel ia givlai a hottor aadorot^idiag of tho 
of ori^ordlioa dniag aasioar dicbitogradtilaas* 
188 
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TABLB SH3WIN5 HIGH BNHIGT HlOJaCTILl FACILITIES 













IflaBd, Riw Tork 
BrrokhcroB VatlonaX 
Li3>oratorx, Long 


























La)»«rator3rt Borkolo* SyBOiirotrcm 
J CaliforBia 
CfllVdor^oaB Organi- Vrot«B* 
satioB for Moloar SVDMbrotroB 
Rosoarttb) GtBora, 
8«its«rlaBd. 
lational iecolora* ^^. 
tor La)>or«t«r7« 
MostOB, I l l i n o i s 
Two BOW partiolos 
bacro booB roportod to 
bo diMOTorod at thoaa 
two lal>oratorioa roeoa 
tly« 
Fluac 1 0 ^ protoBS 
por aoooBd* 
f^76 GOT oBorgy rango 
^^303 GOV/C WMOBtUM 
raBgo. 
^odueiBg tbomal Boa-
troBs of flux 10 Bou-
-2 -1 
troaa ea * aoe* • 
'-^200 OoY oBorgy 
^^300 60T OBorgy 
JBroJo«t for MX) GoY 





















n a i l , Fraieati , 
I ta ly 
Li^oratorl Hasio-











Storaga Ring for 
a* - a" ooUiding 
ba«i. 
Storaga Ring far 
•*••" oolliding 
ba«i 
Moraga Ring for 
m*i a'eolliding 
baaM 
Storaga l^ing for 
p-p eolliding 
baan 
Storaga Ring for 
p-p eolliding 
ba«i 
Storaga Ring for 
•^»9r coll iding 
baaB 
8toif;i0a Ring for 
a^<^*««llidiBg 
bees: 
. * > . 
Ccnoiants 
Masdjaui anargy 0«7 
OaV par baan nith 
Uoadnoaity 10^^e»."^ 
NasiaBa anargy 0^5 
OaY par baaa v i ^ 
Lnpinosity 5x10^^ 
Mazintta anargy 1*5 
GaT par baa* vitk 
Xffainosity 3x10 ^ 
9 1 cn • aae" # 
Cantra of Maaa anargy 
56 QmY. 
KaxlmaM Miargy 28 GaT 
par baaii v i th innino-
aity axlO^^on^^.aac*^ 
Cantra of naaa anargy 
3 Gay 
llasiflan anargy 3*5 
daT par baas witli 
4 4 4% X9ndBos«ty 10^ ^ on"^' 
City 
UmdMum asargy 2«5/paT 
ba«i witli LarfUMaity 
19. 1>a8y,BtfAmrg, 
Garaanr 
-do- ItaaCUnoi Miargy 1*8 
GaT par baa* with 
fittiinoaity lo^en.*^ 
9%9 • * 
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8 1 . flae« Typ« 
20. Brookhfltrtii national 
Latbor at orjr i Upton» 
Itv York DBA. 
21. HactloBal Asealtra-
t(nr La3i»«ratorx9 
Bat aviatllUiiois 9 
DBA 
Storaga Ring for B«a« mwgj 33 6aT 
pop oollidiag and Cantra of Mam* 
baa* «B«rg3r 7*8 G«T* 
•do-
^ A m ^ ' J L ^ K w ^ ^ 
BaaM anarir 500 OaT 
M d Cantra of MaM 
•Borgjr 31 QoT. 
Appgndlx I I 
TABLB aHJWINB SLBHBKTiRT PARTICtSS 
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OktBPf ooBjugatloB paritx 
B l l g « Talu* 9f C voold hacr« i f 
applied to tha nantral aanibar of 
tha aol t lp lat 
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^39*715 i 0.037 
V97.71 1 0.13 
»>97.71 i 0.13 
Staibla 
S t ^ l a 
fttdbla 
2.199N«10-^^ .0006 
2.602*«10*^ ^ .002^ 
0.8»«10-^^ i .10 
1.237x10*® t .0026 
•o.882nc*' '® ^ .008 
5.181X10*'® i Q*9M 
• r » (2.ld^*58)K«T 
SMtral dMigrt 71*1^ 
«liarg«d 4 M ^ « 28.9^ 
(0.918^*01^) 10^ 
• ^ • 2.75x10^^ 
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81* 


























I I 8 9 . M ^ . 0 7 
1192 .^ ^0.10 
1197.3** J 0.07 
131**.9 1 0.6 
1321.29 + o.i»f 






2.98no"'*^ t .12 
1.672x10*^^ t.032 
^•3.0.3 * ®^ 
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^pendlx - III 
Tabl« giving paraiittt«rs determining th« rai« of CHission 
of naclear fragenents of difforont typos trwm an oxeitod 
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1 3 - l l l x 
1 9 - l l l x 
g i s tht s t a t i s t i c a l voight; Y*, tho offoetiro barrier 
height in MoV, and B the Binding Bnergj, eipressed in teras 
of X, the proton excess, x « jf*— » Zg being the Taine of 
the nuclear charge for the aost stable aueleas vith g i r ^ A. 
In deducing the ralne of g for the heacvier naolelf coatribm-
tions fjro« excited l ere l s vith energx l e s s than the threshold 
f»r a l l foras of particle eaissioa h«re been liie]jided$ the 
•alne of the Binding Ibiergjr, B9 then corresponds to a Mean 
Talue for the different statss .In the case of B 9 i t i s conre-
nient to diTide the excited l e r d s into tvo groins* cash with 
i t s appropriate ralue of g and B. 
Table of Relative probabil i t ies of emission for different types 
of secondary par t ic les frcan ev^orating nuclei with A ' ^So . 
(Using equation 2.13). 196 
( i ) 
( i i ) 
( i i i ) 
( Iv) 
( V ) 
( v i ) 
(v i l ) 
( v i i i ) 
D:X) 
( X ) 
(x i ) 
( x i i ) 
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Relative frequencies of emission for different values of the nuclear 
temperature, T, of the proton excess x, and of the barrier height, V . 
The results are expressed as a percentage of all the charged secondary 
particles with Z = 1 and z = 2 ; see line (11) te (vl). 

















































0 4 8 16 24 
Energy MeV > • 
Fig (a) 







1 2 5 to 20 50 
Energy MeV—*> 
Fig. (b) 
(Caption on the next page) 
» 9 7 
Tba caption below th« figure glvon In th« original 
t«zt reads as folloira s 
margy apaetra for partlolaa of dlffarant typas 
aeoordlBg to alaaantary araporatlon thaorjr. Tba 9arw haa 
baaa eoaqnitad trok tba foanmla of a4«(2}y aiamliig a 
•ta^paratllra * of VxaT* la (1) « tha apaetrai far proiom is 
ghmm OB a llaaar aaalat aaamiiig tba affaotlT* barrlar 
balgbty T* to ba h ifa7« Tba majdjmm oeoora at am mMtgy 
T* 4> Ty l*a. at 8 MaT) tba aaan 9R9rgj , avunad 9wmr tba vbola 
araporatlea apeotraa^ la a^  T* -f 2T» Tba Intttialtjr fal ls to 
onm tblrd tba sazlatui Talaa at B^* -¥ 3*3 T* 
IB (2), tba spaotra for aaotronat protoas and o<:*partlelas 
ara sbowa on logarltbalo seals- Tbajr agala aorraapand to 
T M^  NaTf and tba Talxias of T* banra baaa talc«D as 11 MaV for 
o(.*partlelaa, k- MaY for protoaa tax and 0 for aaatrMia. Tbaaa 
spaatra aagr ba eonparad vlth tboaa shown la Fig. 13-11* la 
partlOttlaTttba axparlaantal spaetra daeraasaa la lataaaltx 
at blgbar aaarglas aueb lass rapidly tbaa would ba aocpaotad 
If tba araporatloa prooaaa wara tba oaij soorea of tba partlelas* 
For botb flgorosy tba lataasltlaa par MaT por dlsla* 
tagra:tloB eorraspoad to a typlaal'star* for vbieb al^bt 
aautroast four protoas aad 1.6 <<- partlolaa ara aaittad 
b j atraporatlMi. 
• v m 
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